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REPORT OF THE SECRETARY 


ILLINOIS STATE ACADEMY OF SCIENCE — 
Office of the Secretary 
State Teachers College, DeKalb, Illinois 


Council Meeting, Urbana, June 3, 1922 


President W. S. Bayley presided at the Council meet- 
ing. The other officers present were, Past President C. 
T. Knipp, Treasurer W. F. Schulz, Librarian A. R. 
Crook, and Secretary C. F. Phipps. 

It was voted to accept the invitation from Galesburg 
to meet there in the spring of 1923 for the annual meet- 
ing of the Academy. 

With the approval of the Council the President ap- 
pointed the following chairmen of Sections for the annual 
meeting in 1923: Chairman of Geology and Geography 
Section, Professor Robert G. Buzzard, DeKalb. (Ad- 
dress after September, 1922, State Normal Univ., Nor- 
mal, Ill.); chairman of Chemistry and Physics Section, 
Professor R. D. Mullinix, Rockford College; and chair- 
man of Psychology and Education Section, Dr. C. R. Grif- 
fith, Urbana. The President is to appoint later the chair- 
men for the Sections in Biology and Agriculture, and 
Medicine and Public Health. 

It was voted that the present committee on High School 
Science and Clubs be continued in office for another year, 
that President Bayley be added to this committee, and 
that Chairman J. C. Hessler be authorized to appoint 
four additional members to this committee. 

By vote the present committee on Ecological Survey 
was reappointed for another year. 

The suggestion was made that it would be advisable 
for the committee on High School Science and Clubs to 
ask Academy members in various towns and cities to 
endeavor to start Science Clubs in their communities, 
especially in the high schools and colleges. 

A report from the State Printer, relative to the cost 
of printing the last volume of Transactions, was pre- 
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sented by Doctor Crook. The bill amounted to $1,135.19. 
By vote, Doctor Crook was asked to confer with the 
proper authorities and endeavor to have the appropria- 
tion from the State to the Academy increased sufficiently 
to cover the printer’s bill. If this appropriation cannot 
be increased, money will have to be drawn from the Acad- 
emy treasury to pay the difference, namely, $135.19. 


By vote, the Secretary was instructed to add 10% to 
the printer’s price for all reprints of papers from the 
Transactions, to cover Academy overhead charges on 
same. 


Council Meeting, Urbana, November 25, 1922 


President W. S. Bayley called the meeting to order. 

_ Others present were the Vice-President, Treasurer, Sec- 

retary and Chairman of the High School Science and 
Clubs Committee. 


Plans for the annual meeting were discussed. It was 
decided finally that the dates for the annual meeting 
to be held at Galesburg, 1923, should be May 38rd, 4th 
and 5th. 


The proposed work of the Committee on High School 
Science and Clubs was discussed. Among other things 
an active campaigning for more science clubs in high 
schools is being planned by the Committee. The Coun- 
cil authorized the Committee to send copies of the Acad- 

. emy Transactions to high school science clubs now affili- 
ated, or to be affiliated, with the Academy. 


The Treasurer gave the following report: 


Balance on hand April 27, 1922 $ 629.32 
Collected since that date 1,169.77 


$1,799.09 
Paid to A. A. A. S. dues collected from Na- 
tional Members, $4.00 each 
All other expenditures 620.12 1,396.47 


Balance on hand $ 402.62 


The Treasurer submitted 14 names for membership. 
It was voted to approve the list and to present these 
names at the Galesburg meeting for election. 
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The Secretary was asked to give, at the annual meet- 
ing, a summary of the growth of the Academy for the 
fifteen years of its existence. 


It was the opinion of the Council that the section chair- 
men should be asked to secure papers for the annual 
meeting from high school teachers and from those be- 
ginning research work, and not so many as in recent 
years from university research professors. 


A communication from the Baird Memorial Commit- 
tee of Washington, D. C., was read and discussed. The 
communication stated that the 100th anniversary of the 
birth of Spencer Fullerton Baird is to be commemorated 
February 3rd, 1923, and that the committee is being 
formed in Washington to decide on the most appropriate 
form for the memorial, and that our Academy, with other 
organizations, is asked to appoint a delegate to meet with 
the committee, and to offer suggestions for a fitting me- 
morial. 


Dr. Baird was not only Secretary of the Smithsonian 
Institute, but he was the virtual founder of the U. S. 
National Museum, the creator and head of the U. S. Fish 
Commission, and the prime mover in the establishment 
of the U. S. Geological Survey and the Bureau of Ameri- 
can Ethnology. 


President Bayley was authorized to write to Dr. H. E. 
Ewing, one of our members in Washington, and ask him 
to represent the Academy on the Baird Memorial Com- 
mittee, and to express the Council’s view that a bust 
statue or bronze tablet would be most appropriate for the 
memorial. 


Reprints 


The following new prices on reprints have been ob- 
tained recently by the Secretary from the printers of the 


Transactions: 
100 copies 101 to 200 


or less copies 
4 printed pages, or less, Bound......... $2.75 $3.05 
9 to 16 = 5.40 
Covers on 2 to 16 pages, Bound............. 3.10 3.70 


ILLINOIS STATE ACADEMY OF SCIENCE 
Council Meeting, Galesburg, May 3, 1923 


The Council met with the Local Committee of Arrange 
ments at Custer Hotel, Galesburg, on Friday, May 3 
Final arrangements for the Annual Meeting were dis- 
cussed and all plans completed. 

The Treasurer presented 20 new names to be voted on 
at the Academy business meeting for membership. Fa- 
vorable action was taken on all the names. 

A letter from H. KE. Ewing, one of our members in 
Washington, D. C., and an appointed delegate to the 
Spencer Fullerton Baird Memorial Committee meeting 
held in February, was read and approved and placed 
on file. This report stated that the following three reso- 
lutions were adopted, and the Memorial Committee is 
to carry them out: 

First—That the Congress be memorialized to estab- 
lish in the City of Washington a museum of fisheries and 
oceanography, a laboratory and a public aquarium as a 
memorial to Spencer Fullerton Baird. 

Second—That there be established a fund for the en- 
couragement of research and exploration in the direction 
in which Spencer Fullerton Baird was a leader. 

Third—That the name of Baird be given to the labora- 
tory of the Bureau of Fisheries at Wood’s Hole, Massa- 
chusetts. 

A letter from the general secretary of the A. A. A. S. 
was read, outlining their change in policy concerning the 
collection of dues from members who were also members 
of affiliated State Academies. The letter was handed to 
our Treasurer in order that he might cooperate with the 
Washington office of the A. A. A. S. in the matter of col- 
lecting dues from our national members. 


: 
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REPORT OF THE SECRETARY 


Annual Business Meeting, Friday, May 4, 1923 
Lombard College, Galesburg 


President Bayley presided and called first for reports 
of officers. 


The Treasurer submitted the following written report: 
REPORT OF THE TREASURER FOR THE YEAR 1922-1923. 


RECEIPTS 


Balance on hand May 1, 1922 

Received for dues (Initiation and Annual) 
A. A. A. S. dues collected by the Academy 
Received for reprints 

Received for sale of Transactions 


$ 2,702.44 
DISBURSEMENTS 


Paid for stationery, postage, and other expenses of 
officers 

Paid printing bills 

Paid to A. A. A. S. for dues collected 

Amount refunded for excess dues, ete 


$ 2,242.47 
Total Receipts 


Total Disbursements 2,242.47 
Cash on hand . $ 459.97 


The Secretary reported on the growth of the Academy 
as follows: In 1908, when the Academy was organized, 
there were 114 charter members. During that year the 
membership was increased to 246. The membership by 
years has been as follows: 1909, 283; 1910, 384; 1911, 
357 ; 1912, 362; 1913, 388; 1914, 363; 1915, 363; 1916, 318; 
1917, 361; 1918, 298; 1919, 298; 1920, 408; 1921, 590; 1922, 
546. Of.this membership of 546 in 1922, 329 were also 
members of the A. A. A. 8., 36 were charter members, 49 
were life members, and 54 were living outside the state 
of Illinois. 

The Librarian reported that there had been a steady 
call for copies of the Transactions from all parts of the 
country, and for those which had been published by the 
Academy a price of $1.50 had been collected. $34.24 had 
been turned in to the treasury for such sales. Books 
published by the state were sent gratis to all applicants. 

The above reports of officers were accepted. 


15 
445.10 
34.24 
$ 403.37 
449.25 
1,224.85 
15.00 
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Reports of committees called for: 

Chairman H. J. VanCleave of the Membership Com 
mittee presented 36 names for action. They were all 
elected to membership. 

Chairman H. C. Cowles reported progress for the 
Ecological Committee. 

Chairman J. C. Hessler reported progress for the Com- 
mittee on High School Science and Clubs. He stated also 
that the committee had worked during the year on plans 
looking to the formation of High School Clubs and their 
affiliation with the Academy. The committee had sent 
out to 621 high schools of the state an 8-page pamphlet 
outlining the importance of Science Clubs, and suggest- 
ing methods of carrying on meetings of such clubs. A 
further report was promised for the business meeting’ of 
May 5. 

For the Publication Committee the Secretary reported 
that the Transactions for the Rockford meeting had been 
received the middle of April and copies had been mailed 
to members. Reprints were expected soon for those who 
had ordered them. 

The above committee reports were accepted. 

On motion of A. R. Crook it was voted that all papers 
presented at meetings must be sent to.the secretary with- 
in 30 days after the adjournment of the annual meet- 
ing, or they could not be published. 

The President appointed the following committees with 
instructions to report at the business meeting for May 5: 
Committee on Nominations, C. T. Knipp, Chairman, Isa- 
bel S. Smith, F. C. Baker, and M. M. Leighton. Commit- 
tee on Resoltitions; H. C. Cowles, Chairman, H. J. Van- 
Cleave and A. R. Crook. Auditing Committee, A. C. 
Longden, Chairman, Mary Renich and W. N. Speckman. 

Adjourned to meet Saturday morning, May 5. 
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Business Meeting, May 5, Lombard College 


President Bayley called for reports of committees. 
The written report of the Auditing Committee was as 
follows: 

We, the committee appointed to audit the accounts of 
W. F. Schulz, the Treasurer, certify that we have ex- 
amined the accounts and find them correct. 

Respectfully submitted, 


A. C. Longden, 
Mary Renich, 
W. N. Speckman. 


The Nominating Committee submitted the following 
report: 


Nominations for officers of the Academy for 1923-24 


President—W. G. Waterman, Northwestern Univer- 
sity, Evanston. 

Vice-President—H. J. VanCleave, University of Illi- 
nois, Urbana. 


Secretary—C. Frank Phipps, State Teachers College, 
DeKalb. 


Treasurer—W. F. Schulz, University of Illinois, Ur- 
bana. 


Librarian—A. R. Crook, State Museum, Springfield. 
Membership Committee for 1923-24 


Clarence Bonnell, Township High School, Harrisburg, 
Chairman. 

Patsy H. Lupo, Rockford College, Rockford. 

W. H. Packard, Bradley Polytechnic Institute, Peoria. 

Fred R. Jelliff, President Knox County Academy of 
Science, Galesburg. 

KE. E. DeTurk, University of Illinois, Urbana. 


Third member on the Publication Committee for 1923-24 


Mary E. Steagall, State Normal University, Carbon- 
dale. 

By vote the secretary was instructed to cast the ballot 
of the Academy for the list of nominees for office. The 
new officers were declared elected. The Membership 
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Committee and the member of the Publication Committee 
as presented by the Nominating Committee were elected 
in the same manner. 

W. G. Waterman submitted the following Resolution 
relative to legislation in favor of state parks :— 

‘*Resolved that the Illinois State Academy of Science 
heartily favors the bills for state parks and forests now 
before the legislature, and urges that every effort be put 
forth to secure their passage.”’ 

By vote the Resolution was adopted, and the Secretary 
was authorized to confer with State Forester R. B. Miller 
and forward a copy of the Resolution to influential mem- 
bers of the state legislature. 

Chairman Hessler, in reporting for the Committee on 
High School Science and Clubs, stated that the High 
School Section Meeting held Friday was an enthusiastic 
one, interesting papers were presented, and the Chair- 
man and President Bayley had presented the matter of 
Science Clubs to the meeting, and the response was good. 

Chairman Hessler moved that the committee on High 
School Science and Clubs be empowered to carry out de- 
tails in the formation of a Science Clubs Section for the 
next Annual Meeting, this Section to include all High 
School Science Clubs which affiliate with the Academy; 
also this Committee should meet with any committee 
which might be appointed by the High Schools. 

This motion was carried. Very favorable discussion 
on the work of Chairman Hessler’s Committee followed 
the vote. 


Report of the Resolutions Committee 


The Resolutions Committee reported as follows in 
writing: 

It is with regret that the Illinois State Academy of 
Science notes the passing from its ranks by death during. 
the preceding year of several of its members as follows: 

Arseneau, Stanislaus, R., State Teachers College, De- 
Kalb, Til. 

Caldwell, C. B., Lincoln, Tl. 

Cook, Mrs. Jane Perry, 5456 Kimbark Ave., Chicago, 
Il. 
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Goodell, William L., Effingham, III. 

Johnson, Frank S., 925 Oakland Ave., Pasadena, Cal. 

Salisbury, Rollin D., University of Chicago, Chicago, 
Ill. 

A loss particularly severe has been occasioned by the 
death of Professor Salisbury, a charter member and for- 
mer president of the Academy. His service to the Acad- 
emy, the state, and the nation has been outstanding, and 
his place will be impossible to fill. 


The Illinois State Academy of Science desires here- 
with to express its hearty endorsement of the state park 
and forestry bills that are now up for action before the 
Illinois legislature, and the hope is hereby expressed 
that the members of the Academy will individually carry 
out the spirit of this resolution by endeavoring to secure 
for these measures the support of the legislators in their 
respective districts. 


The Illinois State Academy of Science views with 
satisfaction the growing interest in the work of the Acad- 
emy on the part of the teachers and students in the col- 
leges, normal schools and high schools in the state. In 
such institutions lies the hope of scientific progress in the 
future, and on this account the Academy specifically ex- 
presses its purpose to continue to cooperate in every 
possible way with the schools and science clubs. 


By common consent the Galesburg meeting of the 
Academy for 1923 is one of the largest and best meetings 
in the history of the Illinois State Academy of Science. 
In large part this success is due to the efficiency of the 
local organizations, representatives, and committees. 
Singled out for special appreciative mention are Knox 
and Lombard Colleges, the Galesburg High School, the 
Knox County Academy of Science, the Knox College 
Biology Club, the Lombard College Chemical Fraternity, 
the High School Science Club, the Galesburg Chamber of 
Commerce, the Galesburg Press, the Galesburg Street 
Car Company, and, last but by no means least, the local 
committee on arrangements of which Mr. Fred R. Jelliff 
has been the efficient chairman, and Mr. Paul Houdek a 
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most able helper. The Galesburg meeting sets a high 
standard of efficiency and excellence that is going to be 
hard to equal. 

Henry C. Cowes, Chairman; 

H. J. Van Cueave, 

A. R. Croox. 


It was voted that the resolutions sulmnitted be adopted 
and placed on file. 

The report of the Committee on Metric System was 
presented by A. C. Longden, Chairman, Thomas G. Hull 
not being present. 


Report of the Committee on Metric System 


This committee was appointed in 1922 to co-operate 
with other scientific organizations whose purpose it is 
to promote the Metric System of weights and measures 
so that the public in general may become familiar with 
the advantages of the system and proper legislation 


enacted. The chairman of the committee has been in 
touch with the ‘‘World Metric Standardization’’ council 
and the ‘‘ American Metric Association’’, offering the ser- 
vices of the committee to those organizations. It would 
seem that education is necessary before any legislation 
is enacted, since the majority of individuals do not ap- 
preciate the value of the Metric System. This education 
should be undertaken in the schools. As yet, the com- 
mittee has not arranged such a program. Possibly the 
science clubs of the Academy could assist in the move- 
ment. 

It would seem timely to bring to the attention of the 
academy a few facts regarding the history of the Metric 
System and its present status in this country. James 
Watt, the British inventor, was the originator of the 
‘‘TNollar—Meter—Liter—Gram’’ system. Both George 
Washington and Thomas Jefferson urged very strongly 
upon the early American Congress the adoption of all 
four of these items. The decimal dollar system was 
adopted but the others after prolonged discussion were 
allowed to be dropped. In 1866 Congress legalized the 
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Metric System but missed the opportunity for complete 
simplification by not making it the exclusive standard. 
Early in the World War, the War Department found it 
necessary to adopt the Metric System for the Army in 
France and no other units were used. In 1919 the Brit- 
tan-Ladd Bill was introduced in Congress making the 
Metric System the only legal system of measurements, 
allowing a transmissional period of 10 years before the 
bill should be effective. As an indication of some of the 
organizations in Illinois that have advocated the use of 
the Metric System, the following list is given: 

Illinois State Senate; 

Chicago City Council; 

South Side Business Men’s Association, Chicago; 

Chamber of Commerce, Elizabethtown ; 

Logan County Medical Society ; 

Chicago Laundry Owners’ Association, Chicago; 

The 4-Ones, Chicago; 

Millinery Jobbers Association, Chicago; 

National Association of Box Manufacturers, Chicago; 

National Association of Loose Leaf Manufacturers, 
Chicago ; 

National Association of Retail Druggists, Chicago; 

National Manufacturers of Soda Water Flavors, Chi- 
cago; 

National Refrigerator Manufacturers Association, 
Chicago; 

Women’s Association of Commerce, Chicago; 

Chicago Heights Chamber of Commerce, Chicago; 

Chamber of Commerce, LaSalle; 

Illinois Valley Manufacturers Club, LaSalle; 

Commercial Club, Liberty ; 

Chamber of Commerce, Ottawa; 

Illinois Wholesale Grocers Association, Peoria. 


This is only a partial list of Illinois organizations re- 
commending and urging the adoption of the Metric Sys- 
tem. There are thousands of organizations in other 
_ states as well as national organizations in the same work. 
A concerted effort by all of these organizations, headed 
by the American Metric Association, would be able in the 
next few years, in the opinion of the committee, to bring 
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about sufficient education so that no difficulties would be 
met in obtaining the legislation. 

The above report was accepted and placed on file. 

President-elect Waterman was called upon for a few 
remarks. In a brief speech he outlined some policies 
which he would like the Academy to consider the coming 
year,—such as popularizing science more, but in the right 
way ; selling science properly to the people; and continu- 
ing to select carefully meeting places in cities prepared 
to cooperate with us in making the meeting a success. 
He suggested also that a four-page pamphlet, setting 
forth the aims of the Academy, be used freely with ap- 
plication cards in securing new members. 

Treasurer Schulz spoke of the need of securing new 
members, since we were barely keeping up our member- 
ship, and the funds in the treasury were growing smaller 
in amount each year. 


Council Meeting, Urbana, May 19, 1923 


President Waterman presided and all six members 
of the Council were present. 

Invitations from Elgin, Decatur, Normal and Bloom- 
ington, and Joliet, urging the Academy to hold its next 
annual meeting in their respective cities, were read, 
and after thorough discussion it was voted to accept the 
Elgin invitation. The decision was based on two facts; 
first, that the Academy has never met in Elgin while it 
has met in the other cities named; and second, Elgin 
had extended a cordial invitation a year ago to hold our 
1923 meeting there. 

The following standing committees were appointed: 

Committee on Ecological Survey—H. C. Cowles, 
Chairman; George D. Fuller, Ruth Marshall, V. E. Shel- 
ford, W. B. McDougall, R. B. Miller, A. O. Weese, James 
H. Ferriss, H. S. Pepoon and M. M. Leighton. 

Committee on High School Science and Clubs—John 
C. Hessler, Chairman; F'. H. Colyer, C. M. Turton, Har- 
riet Strong, W. S. Bayley, F. C. Bohannan, R. G. Buz- 
zard, F. D. Townsley and H. H. Radcliffe. Chairman 
Hessler was authorized to add another member to the 
committee and to make other changes if desired. 
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By vote the Committee on High School Science and 
Clubs was empowered to use funds up to $50 if neces- 
sary, to carry on its work. 

The President was given authority to have printed 
a small four page pamphlet, setting forth useful informa- 
tion concerning the Academy and its work, for distribu- 
tion among members and for use in securing new mem- 
bers; the cost of such a pamphlet not to exceed $30. 

The following amendments and additions to the con- 
stitution were presented to be acted upon at the next 
annual meeting: 

' Article V.—Council. The first sentence to read: The 
Council shall consist of the President, Vice-President, 
Secretary, Treasurer, Librarian, and the presidents of 
the two preceding terms. (This allows for two past- 
presidents on the Council instead of one). 

Addition to Article V.—At the annual meetings the 
presiding officers of all the affiliated scientific societies 
of the state shall meet with the Academy Council for the 
diseussion of policies. 

Article VI.—Standing Committees. Add to this article 
a Committee on Affiliation. Also add to this article: 
The Committee on Affiliation shall consist of five mem- 
bers, chosen annually by the Academy. 

By vote the President was empowered to appoint a 
temporary committee on Affiliation to serve this year and 
work among the County Academies and other scientific 
societies of the state, with a view to securing the affilia- 
tion of their members with the Academy, so that all may 
cooperate in the interest of science. 

The following Committee on Affiliation was appointed: 
W. 8. Bayley, Chairman; H. J. VanCleave, F. R. Jelliff, 
Clarence Bonnell and W. G. Waterman. 


C. F. Purpps, Secretary. 


a 
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SIONS OF THE GALESBURG MEETING 


PAPERS PRESENTED AT GENERAL SESSIONS 
STUDYING MINES WITH A MICROSCOPE 


W. S. Bayzey, University or 
(Abstract) 


The address by President Bayley was on the modern 
methods of studying mines with the microscope to deter- 
mine the way in which their ores have been formed, and 
thereby to learn something as to their expectancy of life. 
The lantern pictures of extremely thin sections of rocks, 
disclosing the minerals composing them, were graphic 
and beautiful. 

The speaker introduced his subject by explaining 
briefly how pieces of rock are ground so thin that they 
are transparent, and how in these transparent sections 
the character of the different minerals present and their 
relations to one another may be discovered by allowing 
polarized light to pass through them and noting the ef- 
fects. Photographs of thin sections of granites, horn- 
blende-schists and other rocks were thrown on the 
screen and the methods by which the minerals in them 
were recognized were explained briefly. After giving 
a general view of the differences between some of the 
commoner rocks and the changes that take place when 
one type is changed into another, the speaker threw on 
the screen a number of photographs of the ore and asso- 
ciated rocks from some of the iron mines in North Caro- 
lina and showed that the ore was derived from deep- 
seated sources. It was inferred therefore that the ore 
body was persistent downward as far as mining is profit- 
able. Incidentally, the minute character of the ore was 
observed and a method for concentrating it was sug- 
gested. It was seen from the photographs that the ore 
consists of magnetite and hornblende so inextricately 
mixed that it is hopeless to attempt to separate them. It 
was seen, however, that these two minerals are also mixed 
with quartz, which is an objectionable ¢omponent, but in 
such a way that it can be separated from the magnetite 
and hornblende by crushing and treatment with a mag- 
net. The hornblende is not injurious to the ore and con- 
sequently its presence in the concentrate does not in- 
jure it. 
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Another kind of iron ore is abundant in the south and 
elsewhere but it is not mined because it contains titanium. 
It is of some importance to know the form in which this 
objectionable constituent occurs in the ore mineral, as 
the titaniferous ores will probably be needed at some 
time in the not very distant future and it is desirable 
to know whether the titanium can be removed from the 
ore without reducing its iron content. Photographs of 
sections of some of the ores were thrown on the screen 
and it was seen readily that the titanium is present as 
little particles of the mineral rutile imbedded in the 
magnetite which is the ironbearer. The rutile is not 
magnetic; consequently if the ore is ground to the fine- 
ness of the grains of rutile in it, all the magnetite, which 
is magnetic, may be withdrawn from the powder by elec- 
tro-magnets and may be used as an iron ore. 

Incidentally a number of veins in the mountains in the 
vicinity of the mines in North Carolina and Tennessee, 
and a number of sections of the iron ores of the Lake 
Superior region were shown on the screen. 
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THE PRESENT STATUS OF EVOLUTION 
(The Botanist’s View) 
Joun M. Courter, University or Cutcaco. 


In the last few months I have been asked frequently 
to speak on this subject. My audiences, however, have 
not been made up of members of an Academy of Science 
and their friends, but of people who want evolution 
explained, and to know whether it is as wicked as some 
claim. The misunderstanding in reference to evolution 
is very widespread. This has arisen from ignorance 
of the subject, from misinterpretation of the statements 
of scientific men, and from what may be called a mediae- 
val attitude of mind. It has been a shock to educators 
to realize that there still remains such a mass of un- 
trained minds that can be imposed upon by eloquent 
ignorance. 

As one illustration of the misinterpretation of the atti- 
tude of scientific men, I may call attention to the use that 
has been made of the address given by Bateson at the 
Toronto meeting of the American Association. He has 
been quoted extensively as an illustration of a distin- 
guished biologist and student of evolution who has given 
up his belief in the theory of organic evolution. No state- 
ment in his address can justify such a claim. The bur- 
den of his argument was that with our increasing knowl- 
edge of the complexity of the subject, our present explan- 
ations of the origin of species are inadequate. Each dis- 
covery opens up a new perspective for exploration. To 
quote Bateson as denying the fact of evolution is to dis- 
regard the following statement which concludes his 
address : 

‘*Let us proclaim in precise and unmistakable lan- 
guage that our faith in evolution is unshaken. Every 
available line of argument converges on this inevitable 
conclusion. The obscurantist has nothing to suggest 
which is worth a moment’s attention. The difficulties 
which weigh upon the professional biologist need not 
trouble the layman. Our doubts are not as to the reality 
or truth of evolution, but as to the origin of species, a 
technical problem,’’ 
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To quote Bateson as having given up his belief in evo- 
lution, and in doing so to disregard this closing statement 
of his address, is plain dishonesty. In such ways are 
the people being imposed upon. 

One of the curious facts in reference to the current dis- 
cussion of evolution, which shows great lack of informa- 
tion, is the confusion of evolution with Darwinism. As 
you know, Darwin’s explanation of the fact of evolution 
is simply one of a number of explanations, and it belongs 
to the mediaeval period in the history of evolution, when 
only the method of observation and inference was used. 
Of course, Darwin’s explanation came at a psychological 
moment and attracted an attention that was wholly a sur- 
prise to him. It is this fact that has made his explana- 
tion so famous that many think that Darwinism and evo- 
lution are synonymous. 


With this preface, dealing with the present commo- 
tion concerning evolution, a preface hardly pertinent to 
this occasion, but perhaps excusable under the circum- 
stances, I shall now address myself to a scientific group, 
a group which I am assuming is not troubled by doubts 
as to the fact of evolution. 

The problem that faces us is the explanation of evolu- 
tion. All of the explanations proposed thus far may 
prove inadequate and still the fact remain to be ex- 
plained. In the early history of the subject, simple 
explanations were offered. As facts multiplied, however, 
and especially such facts as genetics has been uncover- 
ing, it became evident that evolution is not a single prob- 
lem, but a complex of problems, involving a multitude of 
factors. It is obvious now that no single explanation can 
be adequate for all the phenomena of evolution. It may 
be said that all of the classic explanations explain some 
things, but no one of them can explain all things. The 
present status’ of evolution will be appreciated more 
clearly if we evaluate the classic explanations in the light 
of recent knowledge. 

Lamarck’s explanation encountered the obstacle of the 
inheritance of acquired characters. Biologists presently 
became convinced that acquired characters are not in- 
herited, and therefore Lamark’s explanation was thrown 
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out of court. Now, however, we have discovered that 
the inheritance of acquired characters is possible in 
many organisms under certain conditions, especially in 
the simpler organisms. This means that Lamarckism is 
coming into notice again, and there is a decided revival 
of interest in a modern modified form of this explanation. 


A single simple illustration of the work on the inherit- 
ance of acquired characters in plants may be given. 
A great many plants have been used in experimental 
work of this kind. In investigating the periodicity of 
sexual cells in Dictyota, a marine alga, Williams has 
proved the possible inheritance of acquired characters. 
In a given locality the male and female organs develop 
simultaneously, and a general liberation of gametes and 
fertilization take place on a particular day. This date 
differs in different localities, showing a relation to tides 
and therefore to the amount of available light. On the 
other hand, there is no evidence of periodicity in seas 
where there are no tides. Plants transferred to the lab- 
oratory, and thus removed from tides and varying light, 


continue to show the characteristic periodicity of the 
locality from which they came. Here is an obvious 
adjustment of the plant to a varying set of environ- 
mental conditions which has become hereditary. 


As perhaps many of you know, very recently much 
more important and convincing testimony as to the 
inheritance of acquired characters has been secured by 
Guyer in his experimental work on eye defects in white 
rabbits. In short, there seems to be no doubt but that 
acquired characters may be inherited. 


Darwin’s explanation encountered the obstacle of 
variations of a sort that were claimed to be inadequate 
to account for the results of evolution. It ought to be 
kept in mind that this objection does not involve the idea 
of natural selection. That such selection occurs is ob- 
vious, for some forms survive and others perish, but 
does this result in building up new species with these 
small variations we call continuous? The question 
whether Darwin’s variations are adequate for his con- 
clusion is being examined critically by geneticists. 
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DeVries’ explanation simply changes the type of 
variation subjected to selection. Instead of a new species 
being built up gradually, it is born full fledged, and nat- 
ural selection merely decides which of the fledglings 
shall survive. This explanation encountered the objec- 
tion that the so-called mutating forms are simply hybrids 
splitting. In fact, the original classic example of muta- 
tion, Oenothera Lamarckiana, has turned out to be prob- 
ably a hybrid, and not a genuine case of mutation. The 
situation was concealed for a time by the fact that the 
ratio of a splitting hybrid and the ratio shown by these 
so-called mutants were very far from consistent. This, 
however, has now been explained by work in genetics, 
so convincingly, in fact, that DeVries himself has ac- 
cepted the explanation. His attitude toward his proposed 
explanation of evolution should be understood. He told 
me on several occasions that he was not at all sure of 
this explanation, but that he prided himself not on his 
theory, but on the fact that he had started a new method 
of studying evolution, that is the experimental method. 

I might also state for your benefit an experience I had 
showing the same spirit in Darwin with reference to his 
explanation. As you know, Asa Gray was the champion 
of Darwinism in this country, writing many notable 
papers on the subject, which were afterwards collected 
in a volume entitled Darwiniana. On one occasion Dr. 
Gray showed to me a letter he had received from Darwin 
after the latter had read one of these papers. In the 
letter Darwin said: ‘‘You have stated the case so 
clearly and convincingly that I am almost persuaded to 
believe it’ myself.’’? In other words, these pioneers in 
evolutionary theory realized better than their followers 
that their explanations were only tentative, to be tested 
by subsequent investigation. They were suggestions 
rather than conclusions, to be thought about rather than 
believed. 

Weismann’s explanation, revived by Lotsy, that 
hybridization is responsible for evolution, encountered 
the obstacle that although hybridizing multiplies varia- 
tions, it can never account for original differences. It 
results in mixtures of various kinds, but introduces 
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-nothing new. It is the appearance of new things that 
leads from one great group to another. 

Another subsidiary explanation is called ‘‘isolation,’’ 
which certainly accounts for the survival of variations 
that might otherwise have been swamped out by crossing 
and competition. After all it is a method of natural 
selection; that is, selection is usually made by competi- 
tion, but sometimes by isolation. 

Now, however, we are in the modern period in the 
history of evolution. Darwin carried the method of 
observation and inference to its limit in space and time, 
but inference is not demonstration. At present we are 
developing the technique of demonstration, by opening 
up the great field of heredity, which is not only vast in 
extent, but also extremely complex. When a species 
ordinarily begets its own kind, according to well defined 
laws of inheritance, what are the very occasional condi- 
tions that make it beget or at least start another species? 
At the present time, therefore, attention is being focused 
upon the experimental study of inheritance, the field of 
genetics, which may be rightly called also the experi- 
mental study of evolution. This newly developed field of 
genetics, with its increasing complexities, has taught us 
that evolution is a very intricate process, and that some 
of the earlier explanations, like that of Darwin for ex- 
ample, deal only with the more superficial phenomena. 
They are true as far as they go, but they do not get at 
the fundamentals. To say that evolution is discredited 
because Darwin’s explanation does not explain the whole 
situation would be like discrediting the rotation of the 
earth because some one explanation is not satisfactory. 
It was in recognition of this modern genetical attack 
upon the problems of evolution, with its multiplying com- 
plications, that Bateson spoke of evolution as he did, 
as a problem not yet solved. Of course, any explanation 
of evolution must take into account the machinery of 
heredity, and we are finding that machinery not only 
complicated, but now and then producing unexpected 
results, which the geneticist must explain. 

Naturally, this intensive study of evolution through 
experimental work in inheritance has somewhat 
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restricted the presentation of evolution. When the only 
method was inference from observed facts, there was no 
limit to inference, and it could be made to include the 
whole plant and animal kingdoms. Now, however, the 
experimental method limits us to a few generations, and 
the wide-ranging inferences are left to the unscientific 
who are not particular about the facts. 

In considering the relative merits of these explana- 
tions, it is not necessary to subscribe to a belief in any 
one of them, to the exclusion of the others. All of them 
may be factors in evolution, and it is altogether probable 
that no one of them is adequate to explain all evolution- 
ary changes. We need them all, and more besides. 

A good method of evaluating these explanations and 
any others that may be offered is to realize the questions 
any explanation of evolution must answer. There are 
at least four conspicuous questions: (1) What is the 
cause of variation? (2) What is the nature of the varia- 
tions that are important in evolution? (3) How may 
variations be perpetuated and mutiplied? (4) How are 
the variations manipulated to effect progressive evolu- 
tion? 

Lamarck’s explanation goes farther than any other in 
answering the first question, the cause of variation, and 
also in suggesting a basis for progressive evolution. Dar- 
win and DeVries accept the variations without attempt- 
ing to explain the cause, differ as to the kind of varia- 
tions used, and agree as to the method of manipulating 
them. The hybridization explanation answers the third 
question, how variations are perpetuated and multiplied. 
It will be noted that no one of them answers all these 
questions. 

Such an estimate of the proposed explanations empha- 
sizes the fact that there must be more exact experimental 
evidence before much further progress can be made in 
solving the problems of evolution. It was in realization 
of this that at the beginning of the present century the 
study of evolution culminated in, and became diverted 
into, genetics, the experimental study of inheritance, 
which has already suggested many things, and promises 
to be still more suggestive in the future. 
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As an illustration of this, reference may be made to 
the results of this work as bearing on the mutation ex- 
planation. Until genetics began to uncover the machin- 
ery of inheritance, which of course is fundamental in 
producing variations, the general belief in evolution 
included the following ideas: Inheritance of acquired 
characters is exploded; Darwinian variations are du- 
bious as a basis for explaining evolution; but mutation, 
with natural selection among the mutants, doubtless ac- 
counts for the facts. Now what does genetics tell us? 
The majority of mutants may be called degenerates, the 
new characteristics shown serving to adapt the mutant 
more poorly to the environment than the parent was 
adapted. In fact, the general statement is that the ma- 
jority of mutants are much worse than their parents, 
and none of them are better. If only a few were better 
equipped, they would furnish sufficient material for evo- 
lution; but with none better equipped, evolution is 
blocked. 

Such considerations have made many biologists feel 
less certain in explaining evolution than they were a few 
years ago. This loss of faith in mutation, added to re- 
cent discoveries on inheritance of acquired characters, 
has caused many to seek an explanation of progressive 
evolution in Lamarckian terms. 

The great problem we are facing is progressive evolu- 
tion, commonly called ‘‘orthogenesis’’, which history 
has made so evident. Continuous variations, discontin- 
uous variations (so-called ‘‘mutations’’), and hybrid 
variations may all be explained as due to a complex of 
factors. Such variations, however, are like the waves 
on the surface of a choppy sea, running in every direc- 
tion, and getting nowhere. Progressive evolution, how- 
ever, may be likened to a deep-seated oceanic current 
which moves steadily in one direction without any refer- 
ence to the choppy surface. How can we explain this 
oceanic current? In my own field, [ have been impressed 
by the progressive evolution of the gymnosperms, of 
which we have continuous records from the Paleozoic to 
the present time. Throughout that tremendous stretch 
of time, in spite of all imaginable changes in external 
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conditions, certain structures have changed steadily in 
one direction, and these changes have resulted in the 
origin and development of the various great groups. 
What kind of variation furnishes the material for such 
evolution, and what are the conditions that produce such 
variations? These questions have not been answered, 
except in such a vitalistic way that the appeal is to faith 
rather than to knowledge. 

In reviewing the status of the subject of evolution 
today, it seems fair to conclude that competent opinion is 
in a condition of flux, inclining now in this direction and 
now in that as the results of experimental work are re- 
ported. It is time for the open mind, for no one can fore- 
tell what a day may bring forth. With Lamarck’s view 
once abandoned and now revived, Darwin’s view once 
accepted and now doubted, DeVries’ view once hopeful 
and now questionable, and all the other views fluctuat- 
ing in apparent impartance, no person is in a position 
to pass judgment. My feeling is that we have been simply 
playing with the surface, discovering minor factors, 
drawing general inferences from special cases. This 
was a necessary introduction to the subject. We begin 
by wading in shallow water, and as we advance the water 
gets deeper, until now we must realize that it is over 
all our heads, 
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THE ZOOLOGIST’S VIEW OF EVOLUTION 
(Abstract.) 


Caries Zeveny, University or 


As time goes on it becomes more and more certain that 
plants and animals have come to their present condition 
by a long series of changes. Recent advances along many 
biological lines have furnished what are perhaps the 
most striking of all the confirmations. There is now no 
biologist who is not firmly convinced that the only ex- 
planation of the present day similarity with diversity 
among organisms is to be found in the view of blood rela- 
tionship. And the evidence that man must be included in 
this. statement is equally strong. Any one who is willing 
to subject this evidence to careful examination will be 
convinced of its soundness. 


When biologists became certain of the fact of evolu- 
tion they centered their attack on the determination of 
the way in which evolution acts, upon the conditions or 
factors of the process. These investigations have gone 
on step by step, demonstration of each step being gained 
by accurate observation and experiment with critical dis- 
cussions. These discussions of the problems at the 
frontier of investigation have been taken by superficial 
observers to indicate difference of opinion among biolo- 
gists as to the fact of evolution itself. The real situa- 
tion is that as our knowledge of the method of evolution 
increases there is always a border zone of new problems 
under active investigation and discussion. In such a 
zone there will always be differences of opinion. It 
should not be necessary to state that such differences do 
not affect belief in evolution itself. 

In the time at my disposal I shall pick out a few of 
the zoological facts upon which our belief in evolution 
is based, laying special emphasis upon the more recent 
work: 

1. Evidence from comparative anatomy. 

2. Evidence from embryology. 

3. Evidence from classification. 

4. Evidence from geographical distribution, 
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5. Evidence from physiology. 

6. Evidence from direct experimental studies of evo- 
lution. 

In conclusion, a few words may be said concerning 
man’s relation to the rest of the universe. Scientific 
investigations have demonstrated that the universe is 
not a fixed, rigid system but a changing one. The earth 
is a part of this changing universe and as such has gone 
through a series of orderly processes, finally reaching a 
stage in which life became possible. When living things 
came they in turn did not remain unchanged. They 
progressed from one condition to another until man him- 
self appeared. 

There is grandeur in this view of man as an integral 
part of the universe. He fits into a large scheme of 
things, not as a disturbing element but as a fulfillment 
of the plan. The fertility of this dynamic conception has 
been demonstrated in all fields of human thought and 
action. The knowledge of a long course of past improve- 
ment leads to a belief in the probability of further ad- 
vance. It is highly improbable that man is at the apex 
of a long series of upward change. Instead, there is 
every reason why we should prepare for boundless fur- 
ther advance. If we will but accept the obvious facts 
and apply their lessons to human improvement, we can 
accelerate the onward progress not only to a goal fixed 


by present aspirations but past it to conditions beyond 
our dreams, 
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THE PALEONTOLOGIST’S VIEW OF EVOLUTION 


T. E. Savace, University or 


To the paleontologist, evolution means the progressive 
change in the life of the earth from age to age, as a 
result of natural causes. Just as the life of today devel- 
oped out of the life of yesterday, the life of the present 
year was derived in a natural way from that of last year; 
so the life of the present age evolved in a natural way 
by slow progressive changes out of the age that preceded, 
and so on back to the earliest appearance of life on the 
earth, several hundred million years ago. The causes 
of these changes were partly inherent in the organisms, 
but were largely a result of responses to changes in the 
external environment. There are three main lines of 
evidence which practically compel the student of fossils 
to believe in the doctrine of evolution. These are (1) 
the geologic succession of life on the earth, (2) the num- 
erous transitional or connecting forms and (3) the law 
of recapitulation in the life history of the individual. 

1. The fossils preserved in the rocks show us the 
actual types of life that existed during the time the suc- 
cessive rock formations were deposited. It is significant 
that these fossils show a constant advance in the life as 
we pass from lower to higher, i. e. from older to younger 
rock strata. For example, the earliest known plants are 
found in rocks of pre-Cambrian age, and are algae and 
related forms, representatives of the lowest Phylum or 
group of plants. The higher, fern-like plants did not 
appear until much later (Silurian) time; and the highest 
group, the seed bearing plants, were not developed for 
a long time later than the ferns. 

Likewise, the earliest animal fossils preserved in the 
rocks are the lower invertebrate types, which preceded 
the vertebrate forms by several million years. Of still 
greater significance is the fact that within any Phylum 
or group of animals or plants, it is the lowest members 
of the group that appear earliest, successively higher 
types being developed later in time, just as among the 
Vertebrata the fishes appeared before the Amphibia, the 
Amphibia before the reptiles, and the reptiles before the 
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birds or mammals; and among seed plants the Gymno- 
sperms appeared before the higher Angiosperms. 

2. The connecting or transitional characters pos-' 
sessed by the earliest representatives of any class of 
plants or animals present still more definite evidence of 
evolution. For example, the earliest birds are found in 
rocks of Jurassic age. These first bird forms had teeth 
in both lower and upper jaws, like reptiles, a long verte- 
brated tail, like reptiles, and, like reptiles had separate 
toes, ending in claws, on their front limbs or wings. In 
fact they show so clearly their reptilian relationship 
that if it were not for the feathers with which these birds 
were scantily clothed, there would be no hesitation in 
calling them reptiles. 

A somewhat different kind of connecting or transi- 
tional forms is shown in the classic example of the evo- 
lution of the horse, of which a most complete series of 
skeletons has been found in rocks ranging from Eocene 
to Pliocene in age. These show every step in the change 
from the small Eocene horse, about as large as a fox 
terrier, and having four toes and a rudiment of another 
toe on each front foot, and three toes and a splint on 
each hind foot, to the full size modern horse found in 
late Pliocene rocks, having one functional toe and two 
splints or rudiments of other toes on each foot. The evo- 
lution of the elephant and camels is known by series of 
skeletons almost as complete as that of the horse. 

3. The evidence of evolution shown by the law of 
recapitulation, is possibly even more conclusive than 
that already cited. This law states that the life history 
of each individual recapitulates, or repeats in a short- 
ened way, the evolutionary history of the race to which 
it belongs. A clear illustration of this law is shown in 
the life history of the frog, the young stage of which 
is a tadpole having no lungs or legs, but breathes by 
means of gills, swims by movements of its tail, and is 
a fish in all its main characteristics and habits. Later it 
develops legs and lungs; absorbs its gills and tail; leaves 
the water, and is adapted to life on land. According to 
the law of recapitulation, the fish stage in the early life 
of the frog indicates a fish ancestry for the class Am- 
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phibia to which the frogs belong. This law was first dis- 
covered by students of embryology, but the paleontolo- 
gist has in some ways a better opportunity to test its 
validity than the embryologist, especially as regards 
stages in the life history somewhat later than the truly 
embryonic. This is because, according to this law, the 
mature shells of any age should be found to correspond 
with immature growth stages of shells of their descend- 
ants occurring in rocks of later age, and this has proven 
true in a wonderful variety of fossil forms. An example 
will suffice from the Cephalopoda, or animals which have 
their shells separated into a number of chambers by par- 
titions like the chambered nautilus. The earliest forms 
with chambered shells were straight. Later, some of 
these developed curved shells, and later still the loosely 
coiled, and finally shells closely coiled in one plane, like 
the Nautilus, were evolved. Now the remarkable thing 
is that when this closely coiled Nautilus shell is carefully 
sawed lengthwise through the middle, it is seen that the 
curvature in the oldest part or apical end of the shell is 
not symmetrical. The shell begins to grow straight at 
the tip, later becoming only slightly curved till the first 
three septa are formed, then becomes loosely coiled, but 
does not become closely coiled until the end of the first 
volution. This remarkable manner of growth results in 
leaving an empty space between the two halves of the 
first volution, and repeats perfectly the order in which 
the various degrees of curving and coiling of the Nau- 
tilus type were developed successively in time. 

Now as if Nature was afraid this record was not suffi- 
ciently clear, she has made the evidence of evolution 
still more definite. In all of the closely coiled chambered 
shells, like Nautilus, the septa or partitions were evenly 
curved plates which joined the inner side of the shell 
along straight regular lines called sutures. In Devonian 
time there began to be developed in some of these shells 
irregular wrinkling of the septa, causing the bending 
backward and forward of the suture lines as in the Gon- 
iatites. As time progressed the lobing of the suture lines 
became more and more complex, as in the Ceratites, and 
reached its culmination in the later Ammonites, During 
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the Triassic and Jurassic periods the Ammonites with 
very complex suture lines reached the climax of their 
careers. Now at the apex of each of these Ammonite 
shells the first sutures were simple, like those of the 
adult Nautilus. These were followed in the first half 
of the coil by sutures with simple lobes, as in Goniatites ; 
and farther forward the lobes of the later sutures became 
more complex, until the true Ammonite type of suture is 
attained about the time the first whorl] is completed. Thus, 
each individual Nautilus shell repeats in its growth the 
successive stages of curvature and coiling that the Nau- 
tilus group passed through in its development from 
straight-shelled ancestral forms; and in a similar way 
each individual Ammonite shell repeats in its growth the 
successive stages of complexity of suture line that the 
Ammonite group passed through in its development from 
the simple-sutured Nautiloid ancestors. 

In their growth the shells in many of the classes of 
fossils repeat in their young stages adult characters of 
their earlier ancestors so that the paleontologist does not 
doubt the general validity of the evidence of the law of 
recapitulation with regard to evolution. 
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A NOVEL AND ECONOMIC METHOD OF MAKING 
CHARTS FOR SCIENCE INSTRUCTION 


Wiu1am M. Westey, Sr. Procoprus Couuece, Liste. 


Are charts of any value? 

Many of you who are engaged in teaching the sciences, 
but especially those in connection with botany, zoology 
or psychology, have, no doubt, realized the importance 
of charts in the class room. If a particular phase or 
stage is visualized, it is impressed more forcibly upon 
the mind of the student; hence it is more readily retain- 
ed in his memory. 

The market is indeed flooded with charts, but seldom 
is a person able to procure just what he would want. 
Hence you are confronted with this problem: Are you to 
adopt a course of instruction to fit the charts available; 
are you to omit the use of charts altogether, or are you 
to make your own charts? 

It was the last named course that was adopted at our 
college at Lisle, for the faculty refused to be satisfied 
with what the market had to offer. At first Dr. Jurica set 
a few students to work at making charts free-hand, but 
soon realized that this was tedious and quite expensive. 
After negotiating with a number of optical companies, 
he finally induced the Spencer Lens to modify their Model 
3 Delineoscope so that it could be used for projecting 
opaque illustrations at any distance. Ordinarily the 
delineoscope is equipped with but a short plunger which 
does not permit a short working distance. This means 
that one would have a limit to the size of any particular 
illustration on the chart. But an 18 inch plunger allows 
one to come as near the cloth as is desired and corres- 
pondingly reduces the size of the picture. 

The procedure is quite simple. Having made the 
proper connection, and having set the delineoscope 
in place, all one needs to do is to tack the cloth in- 
tended for the chart to a wall or beaver board. Then 
project the selected illustration, from a book, a re- 
print or a drawing, regulating the size by moving the 
table backward or forward as is necessary and focusing 
by means of the elongated plunger. With this all set, one 
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is free to trace the chart in outline with pencil, and later 
it can be finished with indelible inks or paints. The 
advantage afforded by this procedure is that one can 
easily and at a very small cost make whatever charts 
he desires; that is, a person can include in a series just 
exactly what he thinks will illustrate the subject best. 

The practice at our institution at Lisle is as follows: 
Dr. Jurica makes the selection, and he, himself, traces it 
in outline with pencil and leaves the rest to be finished by 
the students with colored waterproof ink, directing, of 
course, the choice of colors and all detail work. The 
cloth used, which has been found to be very satisfac- 
tory, is known as ‘‘binders’’, Velum de Lux, and can 
be purchased in rolls of 40 yards, ranging in price from 
17 to 35 cents per yard, depending upon market condi- 
tions. [tis cut easily into sheets of any size with a knife 
or razor blade. Our practice is to tack the roll to a kit- 
chen table and to cut along the edge, cutting up the whole 
roll at one time into sheets of uniform size. After 
finishing the chart in detail, it is then lettered and 
bound in loose-leaf form in strong covers made of 
beaver board and mounted on a tripod. If one desires, 
the chart could also be put on rollers, but as a rule this 
does not keep so well. Moreover, where a quantity is 
made, the book form on a tripod has a decided advantage, 
for the lecturer can turn readily from chart to chart as 
necessity demands. 

A probable objection may be that it is difficult to find 
students capable and willing to finish charts. This, how- 
ever, presents no difficulty; for if the teacher is able, 
there is no class, not even on the high school level, in 
which a number of students could not be trained, and who 
would not be willing to earn some pocket-money. Be- 
sides, the students as a rule take pride in their finished 
products, especially if the proper credit for whatever 
they do is given them. 

The delineoscope in itself is not very expensive, if one 
considers the time it saves in outlining or merely measur- 
ing off the illustrations according to the rules of propor- 
tions. With this machine charts have been outlined, 
ranging in time from 17 minutes to an hour and a half, 
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depending upon their complexity. It is both a time and 
a money saver. Moreover, a simple turn of the globe 
enables one to use the delineoscope for lantern slide 
projections. 

The accompanying illustrations show some of the stu- 
dents at work making charts. 

Turning the globe back again and inserting a sliding 
feeder, postal cards may be projected. 
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A STATE FOREST PRESERVE. 


James H. Ferriss, Park District 


As reported by a national senate committee, the con- 
sumption of American timber is now four times greater 
than production. Many deserts and waste places of the 
earth were formerly timbered and fertile, densely popu- 
lated by leading nations of their time. Man with all of 
his industry, commerce, science, apparently is the great 
destroyer. His ambitions and enterprise fill the river 
beds, destroy the forest, and lay waste the fertile plain. 
Endowed with intelligence, education, incomparable to 
all the inhabitants of the land and sea, he is the most 
wasteful, the one great embarrassment of creation. 

This is not a sermon, however; neither a thing highly 
scientific. Merely I have dropped in here neighborly, in- 
formally, for ten minutes, to inquire if there is not some 
pleasing method or plan, whereby we scientifics might 
add considerably to the park and forest conservation 
movement. The awaking people are enthusiastic; enter- 
prise runs wide and deep. The state highway project, a 
forerunner, has been an unexpected and a pleasing suc- 
cess. Electricity and gasoline quicken the pace. The 
people are doing more and quicker thinking. Perhaps 
without our help much of the forest lands would be saved 
and nature’s balance in a large measure preserved. As 
with the older states, the land may not be stripped alto- 
gether of its verdure and fertility; however, with our 
help the saving movements can be started much quicker 
and more usefully, beautifully, certainly. 

It is not’needful at this time, in this audience, to dis- 
cuss the merits of forest preservation, values in public 
health, protection of navigable streams, effects upon 
water levels and atmosphere, or the moral effects and 
educational features as applied to ourselves. If you do 
not know more of this entire subject than I do, I am 
sorry. The newspapers and libraries are full of this. 
The editors, disinterested as they are, have caught on. 
They find that a truthful story of the hop-toad, an ode to 
a spray of the Golden Bell, or the portrait of a tumble- 
weed holds the subscribers better than a whole page of 
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colored screams and rough stuff. Doc Calomel is losing 
his best customers. The old folks are camping in the 
woods, also the young ones and their school master. 

We scientifics have a large influence with that virile 
group who make the laws, levy the appropriations and 
shape the policies of the state. Perhaps you have noticed 
yourselves that a botanist or a geologist is viewed with 
a peculiar awe or reverence by legislators and aldermen. 
A scientific gent, to these law and constitution builders, 
seems something above and beyond a common creature— 
something ordained, a super thing, loaded for bear. With 
busy people, also, toiling eight hours daily at a dollar 
and a quarter per hour, or sweating around the bulletins 
of a stock exchange two hours at a time, Coulter, Tre- 
lease, a Chamberlin, Ridgeway, Doctor Evans and each 
of a lot more of us is a larger man than some governors 
of the state. Any old timer who can chop a log between 
his feet with these hustling moderns is an architect, a 
landscape authority or a wizard equipped to build a navy 
or fix a clock. 

There is reason for much encouragement in Joliet play- 
grounds, parks and an arboretum of 836 acres publicly 
owned and the 70 acres in parks and forests owned by 
the Street Railway, all free to everybody. About 330 
acres of the arboretum is a matured forest of native trees. 
Privately owned until recently, it had received five years 
or more of excellent care and planting before given to 
the public, and the planting and forest conditions will 
now be continued. 

The Cook County Forest Preserve, within four miles 
of the Joliet arboretum, is one of the very best enterprises 
of this character, a splendid testimonial to the industry 
and the courage of its promoters. Over thirty thousand 
acres of the Cook County forest land has been purchased, 
and the purpose is to secure at least forty thousand. To 
preserve the native forests in their regular, natural or- 
der, to build trails and roads in and between, to provide 
shelters and picnicing conveniences, in short, to develop 
an outer park belt of wild woods accessible to the people 
. of a greater Chicago is the object of the Park Commis- 
sion. The Joliet Park District intends to connect its 
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arboretum with the Cook County Preserve along a small 
river with wooded hills and banks, thus becoming a part 
of this greatness and beauty. 

Winnebago County followed Cook with a county pre- 
serve, and already has saved a forest selected for des- 
truction. Peoria, East St. Louis and other cities of the 
state have their ambitions, and with the Chicago-Joliet 
link as a commencement, this Queen of the States may 
do something worth while, namely, save the forest hefore 
it is cut over, the soil before it is washed away. 

Some of us can remember when Central Park, M.S 
and the Commons of Boston, parkwise, stood alone in the 
nation. The Arnold Arboretum is just fifty years of age 
this year. White pine lumber in our time sold in Chicago 
for sixteen dollars per thousand, firsts, and eight for 
fencing. Some of us cut down the trees for the nuts, 
the honey, or the coons, and set the woods on fire to warm 
our hands. 

Now the national government is buying back the moun- 
tain ranges of the Atlantic and Pacific slopes and the 
water sheds of the navigable streams in between, and 
sixteen states have a‘lopted various forms of parks or 
forest protection. Thus there is much encouragement, 
the going is good, and why not continue to preserve all 
the land in and about the forests not suitable for agricul- 
tural purposes? 

To do it largest, to do it first, pleases the taxpayers. 
The best state in the Union should lead the way. Why 
wait for New York, Pennsylvania, Massachusetts or 
boastful California? 

The deep water route from the Lakes to the Gulf is 
now well under way, and the suggestion of forest saving 
along the scenic banks from the Lake to Cairo is receiv- 
ing some attention from the press and Chambers of Com- 
merce. Here would be greatness—probably the longest 
enterprise of the character nation wide, the most used 
and useable in the state. The Illinois counties on the 
banks of this canal have a population twice as large as 
all the other counties of the state, with four more counties 
in Missouri to be heard from. The last census, 1920, 
gave the waterway counties of Illinois a population of 


PAPERS PRESENTED AT GENERAL SESSIONS 49 


4,129,859; the whole state, 6,485,280. The scenery itself 
is fitted exactly for our purpose, parks already made, 
with wide stretches of water, deep forests, high bluffs, 
lakes, lily ponds, the greatest of Indian mounds, ever 
changing scenes, and all delightful. 

The makings, the formulas, are before us. The O’Neil 
bills now at Springfield, house numbers 181, 182, and 183, 
cover the situation. The first named provides that the 
state department of public works, now in charge of the 
state highways and numerous activities of the kind, may 
acquire tracts of lands of natural scenic beauty, embody- 
ing cliffs, forest covered bluffs and forested or wood- 
land areas, of which the chief values are best adapted for 
natural park areas, reservations and preserves; also to 
maintain, improve and establish publie parks and fish 
and game preserves in their natural state of beauty. Bill 
number 182 provides $100,000 to be divided between the 
two coming years in the acquisition of land. Bill number 
183 provides for a board of agricultural advisers of 
fifteen persons. 

The friends of Our Native Landscape, an organization 
of real workers, containing some of the best authorities 
of the state in these matters,—Jens Jensen, Stephen A. 
Forbes, Dr. Cowles and others of their stature—have 
made an extensive survey of the state, although they con- 
tend there is much more to be done. This authority is 
back of the O’Neil bills. Their survey is mapped and 
illustrated artistically and to the purpose. Leaving out 
the Chicago-Joliet corner of the state, this survey sug- 
gests twenty locations fairly located, the state over, from 
the pineries of the northwest down the Mississippi, Sa- 
vannah, Lima Lake, Piasa Bluff, Ft. Gage, Fountain 
Bluff, and then through the Ozark Hills to the Ohio, Po- 
mona Natural-Bridge, Giant City, Bald Knob, Wolf Lake, 
Fern Cliff, Parker, Jackson Hollow, Dixon Springs, and 
Cave Hill, one near Effingham and three on the Illinois, 
Greater Starved Rock, Lake Senachwine and Havana, 
and another in the Rockford pines and hills. 

Though the appropriation per the O’Neil bills is small, 
it is a beginning, and in view of the highway triumph 
there is a reason for activity upon our part. The Cook 
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County plan is the result of much study, good talent and 
time. The method of selecting the governing body is one 
promising the best talent and is working well. They 
have made the forest preserve method one of the great 
achievements of the nation. Their legislative work gives 
any county in the state the same advantages taken 
by Cook. Any 500 voters in a county may now call an 
election for the purpose of adopting this law. Cities 
have the most votes and the doing is easy. Only one mill 
upon the dollar of assessed valuation is permitted, but 
it brings in a large annual revenue. One per cent upon 
the same valuation is the limit of indebtedness. In my 
county, with an assessed valuation of fifty-five millions, 
we can raise $55,000 annually by direct taxation without 
the taxpayers noticing it, and run in debt for ten times as 
much for investments to their great profit and pleasure. 

There is much encouragement for the preservation of 
this beloved state, and while things are going our way 


may we scientifics do our full duty and a little more, and 
stick. 


> 


PAPERS PRESENTED AT GENERAL SESSIONS 61 


A COLLECTING TRIP TO ALASKA AND THE 
CANADIAN NORTHWEST. 


RutH Rockrorp 


Alaska has many attractions for the traveler. Histor- 
ically, it is one of the oldest parts of our country; its 
people and their needs are almost unknown to the citizens 
of the States; it has great natural wealth in its minerals, 
its forests and its fisheries; it is a land of surpassing 
beauty, with its great glaciers, snow-capped mountains, 
fiords, and vast meadows of brilliant wild flowers. This 
great territory, in area one-fifth of the size of the States, 
is a rich and little explored country for the naturalist. 
From big game to the tiny beasts in the mountain pools, 
in the dense forests of the mild and moist coast region 
to the frozen treeless tundras of the north, there is a 
great field for the collector. 

In the summer of 1922, I spent two months in an ex- 
tended trip along the coast from Seattle to Kodiak Is- 
land, a journey by boat of about two thousand miles. All 
of the larger coast towns, and many of the cannery set- 
tlements were visited. Stops were made in several 
places, varying from one day to two weeks, and there 
were short journeys inland on the three Alaskan railways. 
My scientific interests lay chiefly in the life of the ponds 
and lakes, especially those at high altitudes, where I 
hoped to find water mites. In this quest I was reasonably 
successful, considering the size of the territory and 
the difficulties of transportation. Altho the material 
obtained was not great in amount, the stations visited 
were many and of a varied character. This part of 
Alaska is rich in lakes. The coast towns, built very pic- 
turesquely on the mountain sides, draw their water sup- 
ply from snow-fed lakes which form natural reservoirs. 
There are usually trails or roads to some bodies of water 
at every stopping place. And so, provided with a Birge 
collecting net, a knapsack and a camera, it was possible 
to reach and study a goodly number of places. 

Five days by boat from Seattle lies Skagway, at the 
end of the famous Inside Passage. Here I left the boat 
for the train on the White Pass and Yukon Railway over 
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the mountains and north to White Horse, in Yukon Ter- 
ritory, a hundred miles into the Canadian Northwest. 
This great scenic route follows the trail of the Klondik- 
ers of 98. Along the way are several lakes. Stops were 
made for collecting at Carcross and at Bennett; at the 
latter place the ponds are at an elevation of over two, 
thousand feet. To the east lies the beautiful Atlin Lake 
region, and a few days were spent in collecting material 
in small pools there. 

The first material from Alaskan waters was secured 
at Skagway, at two stations; one was a small pool in the 
town and the other was the lake reservoir, 1500 feet 
above the town. In Lake Dewey, adjacent to this, no 
water mites were found. At Juneau, the territorial 
capitol, the ponds and pools visited yielded nothing. 
But in Sitka, the old Russian town and former capitol, 
I was directed to a pond in a sphagnum bed, choked with 
yellow water lilies, which gave several interesting forms. 

The most intensive collecting was done during a two 
weeks’ stay in Cordova, the port of the Copper River 
country, famous for its copper and its salmon. Here is 
a large and beautiful body of water, Lake Eyak, at sea 
level, and a number of mountain pools, with clay bottoms, 
in beds of sphagnum, at elevations of a few hundred 
feet. From Cordova I made the trip on the Copper 
River and Northwestern Railway, ‘‘the Iron Trail’’ of 
Rex Beach fame, past Miles and Childs Glaciers, another 
wonderful scenic route, to the little town of Chitna, one 
hundred and thirty miles inland. Here among the moun- 
tains are several small lakes near the town, one of them 
at an elevdtion of 750 feet. 

At Seward, on farther to the westward, we again left 
the steamer, this time to board a train on the Govern- 
ment Railway, for the trip across the Kenai Penninsula 
to the new town of Anchorage, over a hundred miles 
north. Again our route took us over a great pass and 
between living glaciers, with beautiful mountain scenery 
at every turn. A day’s stop in Anchorage afforded a 
chance to do a little collecting in some small pools. 

I was fortunate in being able to make two stops on 
Kodiak Island. The town of Kodiak, at the northern 
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Alitak, Kodiak Island, Alaska. 
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end of this beautiful island, is the outfitting station for 
expeditions to the Valley of Ten Thousand Smokes. Ash 
from the Katmai eruption of 1912 is still seen blowing 
about on the mountain tops. A small pond in the town 
has a bottom of voleanic ash; no life was found in this 
in the hasty examination made in the evening. But a 
large shallow pond near the Agricultural Experiment 
Station, supporting a rank growth of water plants, 
yielded several mites and crustacea. Alitak is a cannery 
settlement at the southern end of Kodiak Island, one of 
the many places where our boat stopped for more than a 
day to load eases of salmon. On the mountain side, 
brilliant with the flowers and fruits of late summer, I 
found several shallow pools of clear water in sphagnum 
beds, and-here there was fair collecting. 

Ketchikan, the southernmost town of Alaska, was vis- 
ited on the return trip, in the first days of September. 
There is a mountain reservoir here, some three miles 
along a tram-way up the slope. In a bay of this lake a 
little material was found. 

Besides the stations enumerated, two ponds, one at 
Seattle and one at Tacoma, were visited on the trip, and 
interesting material found. On the way out to the coast, 
a few days were spent in Glacier National Park; but no 
mites were found in any of the bodies of water tested. 
But at Banff, on the return trip over the Canadian 
Pacifie Railway, a few mites were found in a marshy 
pool. 

In all, nearly forty stations were visited and between 
five and six hundred individual water mites were found. 
Only ten genera were represented, and of these, the 
genus Hygrobates claimed over half of the specimens. 
Work on one genus, the Arrhenuri, has been completed, 
and the paper is now in press. Work on the other genera 
will be completed as soon as time will allow. Material 
in other groups collected at the same time has been 
turned over to other workers for study. 
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A TUNDRA TRIP IN ALASKA. 


Patsy Hucues Lupo, Rockrorp 


Simce the early gold rush to Alaska, the first boat of 
the season to venture into the Northwest Seas has left 
amid the cheers of crowds of people who thrilled at the 
thought of her adventures and came to wish her well; 
for something about travel in ice-laden seas appeals to 
the romantic spirit of even the most stolid. So it is that 
even today hundreds of people who are strangers to the 
country and to all the passengers still come to wave 
good-bye and good luck to the ‘‘Old Vict’’ when she 
leaves the dock. And well it is that they do, for I doubt 
if even the oldest of the old-timers go without some little 
twinge of wonder whether thru storms and ice she will 
reach Nome in safety. The Victoria steers a course 
almost due west to longitude of about 162°, and then 
turns north thru Unimak Pass into Bering Sea. This 
is the ‘‘outside’’ passage, in contrast to the line of travel 
which leads close to the coast and to the Southern part 
of Alaska. It is the course which the Oriental boats to 
Japan take; and few people realize that one is halfway 
to Japan before he turns north toward Arctic Alaska, 
and that possessions of the United States and of Russia 
are in one place only half a mile apart! It is in Bering 
Sea that the day lengthens until there is no night, and 
the watch for ice becomes vigilant. Since the days of 
wireless the danger from being caught in the ice is less, 
for word comes from the Yukon when the last ice goes, 
and from Nome as to the condition of her coast. But 
sometimes the ice is caught in drifts and is brought back 
again when unexpected; and so it was on our trip in 
1922 when on June eleventh the first mate announced, 
‘*Tee ahead, sir.’’? But the floe was well broken up and 
caused no delay, so that we landed at Nome within two 
days. 

Nome is a city of renowned past, made famous by Rex 
Beach’s Spoilers and by Sweepstake races on which bets 
were made around the world. She is now, tho, a city of 
dwindled population, of unpainted houses, of plank 
streets in need of repair, and of empty homes where the 
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Fig.1. A kyack race of the Eskimos. 
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Fig. 2. Seward Peninsula railroad—called the “dogomobile.” 
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destruction of a wall exposes furniture deserted in place. 
The population of the city varies, for the people are 
transient; they go into the hills to work their claims in 
summer, and by far the greatest number go ‘‘outside’’ 
on the last boat that returns to the States. Nome is a 
drab little mining town, straggling along a narrow coas- 
tal plain that borders the hill regions. Its people are 
occupied mostly in gold mining, and fishing for salmon 
and whales, and a few little shops supply the necessities 
of life. This is the town where women once wore Pari- 
sian gowns, and imported Corsican dancers were paid in 
showers of gold! 

The Fourth of July in Nome is, even yet, a day of 
great celebration for both white people and Eskimos. 
It is a holiday of games, and the Eskimos particularly 
were very interesting in the originality and execution of 
their contests. Their walrus skin throwing is similar to 
blanket throwing of this country, except that the taut- 
ness of the skin makes it a more difficult accomplishment ; 
but altho some who attempted it made funny spectacles 
of themselves, many of them succeeded in landing and 
rebounding with beautiful poise. A standing kick to 
touch with both feet a ball suspended about six feet three 
inches high was one of the novel feats; and a kyack race 
was an example of a very typical Eskimo sport. The 
‘*modern’’ Eskimo who took part in these sports is little 
different from the Eskimo of Steffanson’s books so far 
as one can see. They are modern only in the substitution 
of calico trimmed in fur for the all-fur parka, and in the 
use of all kinds of expensive American perfumes to add 
to the odor of seal oil and blubber! Their women are very 
pretty when young, but age most rapidly, and the most 
lasting and appealing picture of Eskimo people is the 
sweet madonna face of the parka-dressed young Eskimo 
mother with one baby on her back and several holding 
her by hand. During the influenza epidemic, these people 
died by hundreds, so that in places their communities are 
almost depopulated, and the orphanages are crowded 
with children. 

Travel in Alaska may be accomplished with ease only 
in winter, with dog team over packed ice. A summer 
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journey entails innumerable hardships, and especially 
in 1922 the late thaw and continued cold made it difficult 
to get into the hills. There are no trails, and one must 
go on foot or with team across unbroken, swampy coun- 
try. We left Nome about the twenty-third of June to go 
to Teller on the Sea Wolf, but ice floes filled Port Clar- 
ence Bay and a storm made us anchor for protection be- 
hind a big iceberg; and in three days we had to return to 
Nome. After a month’s delay there we set out again for 
Teller on the Sea Wolf. Truly, Alaska is the land of 
waiting, for there are no schedules for anything and the 
weather rules supreme. This delay in Nome and another 
in Teller when the storms racked the house over our 
heads made us almost despair of finishing our journey 
to the Kougarok. In Teller is the farthest north news- 
paper in the world, published every week or so (whenever 
there is any news!) by a boy of twelve years, who also 
builds his boats, fishes for the winter supply of dog feed, 
and helps his father with the reindeer herd. 

We left Teller in the twilight of midnight and lull of 
the storm to cross the bay with the team which carried 
all our provisions for the distance of fifty miles. We our- 
selves walked, for the reason that horse feed is scarce in 
this country, and the horses were ill-fitted even for the 
load of necessities which they hauled. On our journey 
we made three stops, one when we were halted by a flood 
and camped on a gravel bar in the Agiapuk River, one 
at a tent of a miner, and one at a shack of an English 
prospector who was making his fire in a pan and letting 
the smoke’ out by a hole in his window! In fifty miles 
we saw one man, and there are many places on Seward 
Peninsula where one might travel and see none. It was 
the same story on our outward journey, too,—a claim 
with one miner, or a dredging camp with five or six 
men. An empty house, or an empty town were the signs 
of habitation that we passed. My aunt and I felt our- 
selves to be objects of curiosity when we came to camps 
because there are no women in this part of the hill coun- 
try. One man we passed had not seen a woman for two 
years, and later I met a Scotchman who said he had lived 
for seventeen years without seeing a woman! Hospital- 
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ity, naturally, is the law of the land, and even in a house 
where the owner is away, a traveler may take what he 
wants, with the only obligation to leave the place in good 
condition with some food for the next fellow traveler. 
Deserted towns as well as houses are not rare. Shelton 
was a town on our home journey, and from the hill it 
looked to be quite populous with some dozen fine frame 
houses, and even two-story homes. But on our arrival 
we found it occupied by only two men, and both of them 
were transients! 

Our journey of two months ended on July 30th when 
we crossed the Arctic Divide and saw the red mud roof 
of our cabin shining in the sunlight on a limestone hill 
that was part of Kougarok Mountain. It is a simple 
little eabin built of planks and made secure by bricks of 
peat. Within, its walls are made picturesque by paper- 
ing of old magazine covers and pages of ancient date, 
so that one can read the early Saturday Evening Post 
stories of Mary Roberts Rhinehart as one eats. The fur- 
nishings are home-made things of board, with typical 
cabin ‘‘bunks’’ for beds and only benches to sit on. But 
there is the real luxury of a good stove with an oven that 
bakes bread exactly right if you watch it carefully. At 
first our cabin was damp and dismal with green mold 
covering wood and paper and fur robes; but fires and air 
cleared it out; fresh new curtains at the deepset square 
windows, and the few deft touches of my Aunt very soon 
made of our shack a cabin home. 

Life is busy in house-keeping under primitive condi- 
tions. Fires made with willow twigs soon go out, and 
three substantial meals a day are necessities for vigorous, 
pioneer life. Nor are there stores nearby! The dried 
stuff and canned goods brought in must furnish all the 
food requirements, and bread must be made, and fresh 
meat killed. For our meat we lived on ptarmigan, with 
one delicious sandhill crane, and some reindeer that was 
given to us for variety. And in addition to the neces- 
sities of life, for a Botanist the identification of the 
countless new species of plants on the tundra is a lure 
which urges him to work with all the haste of civilization, 
even in this remote corner of the globe. 
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{t is a country wholly different. It is a hill-country 
prairie, for it is treeless and lies in a region known as 
the ‘‘barren lands.’’ These barrens extend from the 
Aleutian Peninsula to the region of the McKenzie River 
delta, the only point where trees border the Arctic Ocean. 
In truth it is not a barren territory, but is, instead, cov- 
ered by a most diverse and abundant flora with a hundred 
or more species in a small area. In Seward Peninsula 
the area is one of interminable hills gloriously colored 
and rolling to infinite distances ; and often, as one watches 
them, rainbows arch them over and touch the ground at 
each end where pots of gold may lie in truth. More than 
on the prairies does one have a feeling of immense spa- 
ciousness and vision to remote places. It is said that on 
a very clear day one may see from Kougarok Mountain 
into Siberia, over a hundred miles away. And the ability 
to see so far, yet the absence of any object of known size 
in that view by which one may estimate distances, leads 
the observer, as Steffanson explains, to make strange 
errors in judgments. Captain MacIntyre of the Teddy 
Bear told a story of mistaking an Arctic mouse for a 
polar bear, and certainly one of our party mistook a 
claim stake for our cabin, and was lost thereby. It is a 
curious country of misleading seeming-familiarity, a fas- 
cinating country which, in spite of all its dangers, com- 
pels love even from those who most loudly condemn the 
vagaries of climate and place. 

The tundra, as stated before, is not barren but is cov- 
ered by a carpet of hummocking plants overlying in most 
places centuries’ accumulation of raw humus. Rock sur- 
faces are’ exposed only on the highest mountains and 
comparatively recent faults, and in the creek beds of 
cutting streams. For the most part, it is a country of 
swampy conditions everywhere, so that to the newcomer 
‘*mush,’’ used as it is in Alaska to mean ‘‘move on,’’ 
‘‘travel,’’ would seem to have come into use from the 
suggestive character of the country rather than from its 
authentic derivation as a corruption of ‘‘marchon.’’ The 
accumulation of humus which freezes and thus prevents 
drainage causes the hydrophytic conditions which, to- 
gether with the cold, are responsible for the universal 
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Fig. 3. Reindeer lichen and the opposite-leaved Saxifrage of the 
“fell fields.” 
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Fig. 4. Tundra of Sphagnum and heath collapsing because 
thawing of the substratum by running water. 
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presence of sphagnum and plants of xeromorphie char- 
acter. As is well known, the plants are all of the low- 
growing, dwarf habit, with many of them of cushion 
forms which retain their dead leaves and structures for 
some time. The flowers, tho small, are exquisitely vivid, 
even more beautiful than members of the same genera 
which are familiar in this region, such as Dodecatheon, 
Myosotis, and so forth. 

Warming, in his Oecology, describes the fell fields, the 
moss tundra, the lichen tundra, and the dwarf shrub 
heath of Arctic regions; and he indicates the water 
relationships of these by putting the moss association as 
following the fell fields when the mosses gain the ascend- 
ency, and the lichens as inhabiting the drier portions of 
any of these associations. Since then no work has been 
done to determine any further ecological relationships 
between these associations, tho a great deal has been 
done toward collection and identification of Arctie spe- 
cies. In the time that was possible the attention of the 
writer was directed toward the relationships and loca- 
tion of different type associations. But these observa- 
tions can be regarded only as preliminary, almost as 
merely casual, for they were made over a very limited 
area, and also under atypical weather conditions. They 
make no claim other than to be just suggestive. 

The types of tundra observed by the writer were (1) 
pioneer lichen associations, (2) open dwarf shrub asso- 
ciations, (3) closed dwarf shrub associations, (4) Carex- 
Eriophorum associations, (5) Spagnum-willow associa- 
tions, and (6) the grass associations of the flood plains. 
The most important factor in influencing the rate of suc- 
cession between these associations is apparently the 
wind, as the climate is apparently humid enough for the 
support of mesophytic forms. After the accumulation 
of humus by the early stages the water relations are 
affected by drainage, for the freezing of the peat deposits 
below prevents drainage and creates conditions produc- 
tive of zeromorphic plant forms; but seepage of water 
from higher land above the peat tends to keep the sub- 
stratum thawed and gives rise to swampy conditions 
described below in the Sphagnum-willow association, 
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The descriptions of these formations given below are 
very brief and no species except type species are named. 
More detail concerning these will be given in a paper 
that is to be published. 

On the rock uplands, the lichens are pioneers as they 
are elsewhere, but they are of shorter duration except on 
the perpendicular surfaces, for crevices and slopes are 
soon taken up with shrubs such as Diapensia lapponica, 
Salix uva-ursa (7), and Dryas octopetala; and these form 
the thin scattered cushions of vegetation called ‘‘fell 
fields’? above. Their growth continues until they cover 
the ground with a thick carpet in which other plants in- 
termingle. Potentilla uniflora, P. biflora are prominent 
in this situation, as are also Arctostaphylos alpina, An- 
dromeda polifolia, Cassiope tetragona, Rhododendron 
lapponica. One or another of these may be dominant in 
any particular location, depending perhaps on priority 
of occupancy; and hence arise the names of Dryas 
tundra, ete., used by Warming. These shrubs may be- 
come so thickly intergrown in later stages with sedges 
and grasses and herbaceous plants that the shrubby 
character may be lost entirely, and in this situation the 
Potentilla and bearberry, perhaps, are the best survivals 
of the shrubs. This stage is regarded by the writer as 
a probable transition stage between the dwarf shrub and 
the Sphagnum-Ericad tundra mentioned below. The 
rapidity with which dwarf shrubs cover the ground and 
develop the thick carpet just described depends upon the 
protection from wind, as stated before. The windward 
and lee slopes of a hill offer strong contrasts to each 
other, and even on one boulder, the protected and exposed 
sides may show, in one case, a solid covering, and in the 
second, a perfectly bare surface except for a few lichens. 

Succeeding the more open stages of the dwarf shrub 
associations there may be the cotton grass-sedge asso- 
ciation, developed in situations made hydrophytic by 
configuration of the land and drainage influenced thus. 
These places show accumulations of rock soil and reveal 
on digging the frozen condition of this soil. Dryas may 
remain with the sedges, but it is infrequent, and the other 
shrubs are even still rarer, but mosses and herbaceous 
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plants are plentiful. The clump habit of these plants 
causes hummocks (what Alaskans call ‘‘nigger-heads’’) 
and reticulate ridges with puddles between where water 
often remains and Nostoc sp. and hydrophytic mosses 
are found. 

The question of a climax is a difficult one. In the opin- 
ion of the writer it seems probable that the climax is the 
Sphagnum-Ericad tundra, (1) because it seems from the 
observations to be most extensive in conditions not made 
unusual by peculiar drainage conditions, and (2) because 
it was an association found in areas of greatest age, for 
example on the Arctic Divide. This association has 
Sphagnum abundant but not very conspicuous because 
of the larger size of the shrubs, the most important of 
which are Ledum palustris, Vaccinium ulignosum, V. 
Vitis-idaea, Betula glandulosa, and especially Rubus 
Chamaemorus. On the drier hummocks, which are still 
characteristic, are sedges and Polytrichum. Deep layers 
of peat are usually found beneath this association, and 
are frequently exposed by erosion of streams which cut 
thru it and expose the frozen, rock-like layers below. 

So far as the writer observed the grasses have place 
only on flood plains of alluvial character, or of peat char- 
acter, if the former tundra vegetation of the peat has 
not survived transplantation. It is a brief stage and ap- 
parently gives way to either the willows or to the sphag- 
num and heaths. The willows are particularly interest- 
ing in that they are distributed in regions where the 
ground is thawed and wet. This condition is brought 
about usually by seepage thru the peat of water draining 
from higher levels. The drainage lines are usually very 
conspicuous, and the line of extent of the willows coin- 
cides with these drainage lines. These shrubs are of the 
espalier habit described by Warming; they grow about 
five to six feet high and attain an inch or so in diamter 
in fifty to sixty years of growth. Growing beneath the 
willows are mesophytic mosses, sphagnum, and many 
herbaceous plants. 

It is evident from this brief discussion that any change 
causing new drainage lines will cause changes in the plant 
associations; and because the peat is eroded easily this 
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frequently occurs. A gully developed by the spring 
freshets of one year is shown in the accompanying pic- 
tures. The down-cutting was creating market changes in 
the topography. The lumps of peat dislodged frequently 
were deposited in short distances with their plants undis- 
turbed, and these then continued their growth in their 
new situation. Retrogression due to drainage of a pre- 
viously undrained area would naturally give rise to more 
xerophytic conditions. In locations where this had hap- 
pened, a lichen association was found over-growing the 
former plant association. The plants of this former as- 
sociation did not die completely, but continued to live in 
less vigorous condition and send occasional shoots above 
the over-growing lichens. 

These observations were made in the month of our 
stay in the Kougarok. We left there on the third of Sep- 
tember and traveled overland to Nome, a ‘‘mush’’ of 
about one hundred fifty miles, with an Alaskan pack sad- 
dle carrying all our luggage. The weight was easy to 
carry because of the comfort of the pack in spite of the 
difficult walk; and the weather was the most beautiful of 
the whole summer. At Shelton we took the Seward Pen- ° 
insula Railroad, an old track laid for use with gasoline 
engines in the days when Shelton hummed with gold pros- 
pects. Since then no one is left living in Shelton, and the 
railroad is unrepaired. Its rails are frequently missing, 
and sometimes the tundra beneath the track has sunk 
out of sight; yet in spite of danger, it is easier travel 
than walking, and it is used by individuals who hitch 
their dogs to small hand cars and enjoy traveling at the 
greatest speed of five to six miles an hour on the up- 
grades and twenty miles an hour or more on the down 
grades. For excitement and adventure, there can be no 
rival for the Seward Peninsula Railroad! 

The journey of nearly four months resulted in only 
meager results. It was not primarily a Botanical ex- 
pedition, altho that was the main interest of the writer. 
But it served as an introduction to a novel land of delight 
for all those who love adventuring in the open and a land 
of possibility for Botanists who wish an unexplored field. 
The Northward Course of Empire by Steffanson can 
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help one to a realization of the economic possibilities and 
a truer appreciation of the pleasures of this country. 
But no words of any pen can describe adequately the joys 
of the open hill-country to anyone who has been there 
and forever longs to go back. | 
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PAPERS ON BIOLOGY AND AGRICULTURE 
PRACTICAL PLANT PROTECTION. 


Wuarp N. Crue, Eprror, Borantst, JoLter. 


In the early days the wildflowers were so abundant 
and widespread that the destruction of immense num- 
bers was of no consequence, but with the growth of our 
country, many of the more showy and attractive speci- 
' mens have been brought to the verge of extinction. A 
few species have disappeared or are disappearing from 
purely natural causes, such as the chestnut blight and 
the pine blister rust, but the greatest enemy of the plants 
is man. For every flower picked for a bouquet, he de- 
stroys thousands by felling the forest, flooding the val- 
leys, draining the swamps, burning the thickets and tear- 
ing up the prairie sod to set a whole new race of plants in 
the place of violet and shooting-star, puccoon and camas- 
sia, phlox and gentian, sunflower and goldenrod. His 
cattle trample them, all sorts of animals feed on them, 
the mower lays countless thousands low, and yet in some 
way little short of a miracle another year finds them 
smiling from fence-row and thicket with the same trust- 
ful innocence as of yore. Only when he finally stakes out 
a factory village in the midst of all this loveliness do the 
native plants give up the struggle. 

Such things have to be if our own race is to survive, 
but we may well object to all unnecessary destruction of 
our wild plants. The roadmaker has no sooner torn his 
way through the wilderness than nature sets to work to 
repair the damage with a cloud of wildflowers. The ugly 
wounds of plow and scraper are healed with boneset, 
Joe-Pye-weed, clematis, bittersweet, asters, goldenrod 
and a host of others. And then back comes the road- 
maker to ‘‘improve’’ his work by removing all this love- 
liness. To him the birds, the wildflowers, the sheltering 
trees and the wild things that scurry from one thicket to 
another are not to be compared with a carefully barbered 
roadside bordered by a neat barbed wire fence. Law- 
making bodies often encourage him in his efforts to lay 
waste the countryside by requiring this annual slaugh- 
ter of wildflowers. Beauty is no excuse for being in the 
eyes of one who considers himself a practical man. In 
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my own town some time ago, the question arose as to 
whether a certain nook about one of the public buildings 
should be covered with concrete or set with plants, and 
the care-taker was ordered to do whichever was cheapest! 

Of all offenders against good taste in such matters, the 
railroads are the worst. Though quick to see the ad- 
vantage of planting the station grounds with beautiful 
flowers, they are blind to the fact that the selfsame spe- 
cies are doing their best to ornament the whole right of 
way, and they send out laborers to cut them down. Great 
clumps of lilies, acres of painted-cups, banks of anem- 
ones, swamps of wild hyacinth, clouds of phlox, thickets 
of laurel, sandy wastes blue with lupine and whole 
galaxies of sunflowers fall before this untutored savage 
with a scythe. In late August last year, I travelled more 
than a thousand miles on our mid-west railroads without 
seeing a single conspicuous patch of wildflowers on the 
right of way. The mower had done his worst. The poorer 
railroads through lack of funds may still allow some of 
these wildlings to grow, but the better roads mow them 
down and then dilate on the scenery through which their 
lines run. 

Added to the other destructive agencies must be the 
vandal out for a day’s holiday. He not only devastates 
the roadsides but invades private property as well. Much 
of his transgressions must be ascribed to ignorance, for 
the general public seldom considers flowers of any spe- 
cial value and, indeed, supposes them to grow out of the 
ground much as wool grows on a sheep and therefore to 
be picked without compunction. It is to this individual 
that the increasing rarity of the wildflowers in the vicin- 
ity of cities and large towns is mostly due and now that 
the automobile has widened the range of his activities, 
no part of the country is safe. 

It has often been assumed hastily that the methods of 
protection applied to birds so successfully need only be 
extended to the wildflowers to have equally happy results, 
but a moments reflection will serve to show that the 
cases are far from identical. Birds, being able to move 
about from place to place, are rarely if ever in the way. 
They are peculiarly the property of the whole public and 
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their collection may well be prohibited entirely. Unlike 
the flowers, their attractiveness departs with their col- 
lection. Moreover, gifted with movement, they can move 
out of harm’s way and are less easily exterminated. 
Every person induced to cease hunting them gives them 
that much more chance of surviving, but with plants, so 
long as there is a single person collecting, all are in dan- 
ger. It is also easier to make sentiment in favor of bird 
protection because birds are known to be helpful as well 
as attractive in other ways. Birds may even be tolerated 
among our crops and attracted in various ways to fre- 
quent and nest in our grounds. 

It may be doubted whether it is wise to prevent or even 
to discourage all picking of flowers. They appeal to the 
better natures of everybody, and children especially are 
not content to admire but must acquire as well. Child- 
hood forbidden to gather flowers would be a sorry spec- 
tacle. All our traditions are in favor of making use of 
the flowers. Man wore flowers long before he wore 
clothes, and he still takes pleasure in decorating his 
grounds, his residence and himself with them. The use 
of plants in garlands and coronels has been a custom 
for so long that this is embodied in the common names 
that were in existence long before scientific names were 
thought of. We still make use of a wealth of flowers on 
all festive occasions, and with them we also attempt to 
cheer the sick or soften the grief of those whose friends 
have passed on to more flowery fields. Every city and 
hamlet has one or more shops wherein are sold flowers 
only. In view of all this we cannot reasonably ask the 
lover of flowers to cease picking them entirely. There is 
a pleasure in the pursuit of any thing that comes only 
with possession. Does anybody imagine that the hunt- 
ing and fishing that still go on in settled communities 
is inspired by the need of food? Far from it. The 
spoils brought home by the hunter or fisher are simply 
the trophies that speak of his success. They are con- 
crete evidences of his prowess. And shall we deny the 
child, the poet and other flower-lovers their evidences 
of success? Why, even the birds gather flowers! The 
martins delight to deck their nesting sites with peach- 
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blossoms, crows are well known to be attracted by bright 
blossoms, and even the blood-thirsty hawk has been 
known to ornament his nest with violets. 

Fortunately for us, all flowering plants do not need 
protection. The rough and ugly weeds need not be in- 
cluded in our list since nobody cares to collect them, but 
there are many fair flowers as well as weeds on the far- 
mer’s list of enemies, and many others whose room is 
regarded as much better than their company. A large 
number must be exterminated if we and our crops are 
to live. One may gather as much as he will of butter- 
cups, daisies, toad-flax, evening primroses, bouncing Bet, 
rudbeckias, goldenrod, wild morning glories and the like 
without fear of reducing the supply. And there are many 
others so rampant as to growth, so ubiquitous and per- 
sistent, that an annual picking seems almost necessary 
to keep them within bounds. Of this nature are dande- 
lions, bouncing Bet, the elder and in some localities the 
wild crab. We may be thankful, also, that there are a 
few others that are protected by their habitat: species 
of inaccessible cliffs, remote mountain summits, desert 
fastnesses and extensive barrens. These are natural 
sanctuaries in which the embattled plants may persist 
long after their kind, elsewhere, have given up the con- 
test. No thoughtless band of picknickers are likely to 
devastate such a region or destroy a whole race at one 
sweep. 

The plants that are in need of special protection are a 
comparatively small number that have been brought to 
the attention of the public through some special attrac- 
tiveness they possess. All the early flowering species 
are in danger because, coming so close on the heels of 
winter, they are typical harbingers of the milder season 
to which we always look forward. The flowers of mid- 
summer rarely receive like attention. Then there is an- 
other class made conspicuous by history, tradition or 
use, such as the fringed gentian, ginseng, golden seal, 
pitcher plant, lotus, arbutus, the orchids and the like. 
Plants which are shallow rooted and easily pulled up, 
like the phlox, hairbell and the cardinal flower, or those 
in which the leaves are collected with the flowers, such 
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as trillium, jack-in-the-pulpit, rue anemone, are especi- 
ally in need of protection. Unusually fragile species 
must be considered also, such as the Dutchman’s breeches, 
bloodroot, celandine, and Indian pipe. To these must be 
added those species whose leaves are the objects sought, 
among them the laurel, galax, many ferns, and ground 
pine. Last are those plants whose beauty is so conspicu- 
ous as to attract even the matter-of-fact business man— 
the azalia, the mountain laurel, water lilies, flowering 
dogwood, redbud and others. All these must be pro- 
tected or they will disappear speedily. 

All right-thinking people are agreed that our wild- 
flowers should be protected, but they are not of one mind 
~ as to the best way to accomplish it. The sentimentalist 
speaks of ‘‘the sanctity of plant life’’ and adjures us to 
‘‘love the lily and leave it on its stalk’’ or perchance to 
‘leave the dainty little recluse to fulfill the law of its 
being.’’ If he (or is it she?) is speaking of properly pro- 
tected areas, we may not object, but of what advantage 
is it to leave a much desired specimen to the tender mer- 
cies of the marauding urchin or some wandering cow? 
I still remember with some chagrin inducing a class on a 
field trip to refrain from gathering a thousand or more 
pogonia orchids, and later while lunching in a shady 
spot, seeing the entire thousand go by—a solid mass of 
wilting blossoms in the clutches of a couple of small 
boys. So long as there is one individual interested in 
picking, no plant in unprotected areas is safe. 

If we divest the whole question of sentiment and get 
down to the business methods of protecting plants, we 
shall discover that adequate laws, justly enforced, is 
the only solution of the matter. We should bend our 
energies toward securing a law in every state which will 
back up the land-owner in protecting his own. And after 
such a law is secured, we should see that it is enforced. 
The sale of wildflowers should be forbidden absolutely 
except by legal permit, and the dealers in such things 
should be obliged to breed their stock and not dig it up 
from the wilds. With proper laws, sanctuaries for plants 
could be established and maintained. Every park, every 
large estate, the railroad rights of way, the lake shores, 
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the river banks and many roadsides ought to be made 
sanctuaries of this kind. The railroads maintain with 
some truth that the undergrowth must be kept down to 
prevent disastrous fires, but it is quite possible to indicate 
the decorative plants and except them from the annual 
mowing. A number of interesting plants, owing to the 
special conditions under which they grow, probably must 
be protected in their present habitats, but this in a ma- 
jority of cases is entirely feasible. In other cases, rare 
plants may be removed to protected areas. 

Even with adequate laws there is still needed an ef- 
fort to interest land-owners in protection. Every farm 
woodlot should become a protected area until the land 
is needed for something else. It should be fairly easy to 
induce the farmer to post his entire farm and perhaps 
to design a special notice for the purpose. When his 
attention is drawn to the interest the botanist has in some 
rarity on his lands, he is generally as much in favor of 
protecting it as anybody. 

It is probable that there will always be numerous 
areas in which flower picking may go on, but even here 
there is need for education in the selection of the flowers 
and in the proper manner of gathering. Emphasis should 
be laid on the fact that a few well-chosen blossoms are 
far superior to a larger number gathered with less dis- 
crimination. The ignorant and unthinking are ever im- 
pressed by mere size and reason that if a dozen are good, 
a hundred are better. It is a failing that all are prone to. 
Do we not always mention the size of our home town be- 
fore mentioning its intellectual citizens? Children and 
adults, too, for that matter, should be taught to select 
only the fresh and newly-opened specimens, leaving those 
that are past their prime to reproduce the plants. Merely 
to instruct the public in the proper way to gather flowers 
will go a long way toward protecting the landscape from 
devastation. The true lover of flowers rarely returns 
from an excursion laden with specimens. The planting of 
memorial trees and the decorating of our great trans- 
continental highways with flowering plants should do 
much to direct the attention of the public toward a right 
attitude regarding the wild flora. 
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But in the end we come back to our original thesis; the 
best and most practical way of protecting the plants is 
by adequate laws properly enforced. Let us do what 
we can to hasten the day when this condition shall prevail 
throughout the land. 
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MYTILASPIS CITRICOLA AND OTHER SCALE 
INSECTS 


Scale insects belong to the family Coccidae, which in- 
cludes three sub-families: Dactylopinae or Mealy Bugs, 
Coccinae or Soft Scales, and Diaspinae or Armored 
Seales. Parthenogenesis occurs in many species of Coc- 
cidae to a certain extent but it is not so general as among 
Aphididae. The males, which are smaller than the fe- 
males, are difficult to secure as they have no mouths and 
are short-lived. They differ from the females also in 
having wings with which they move about freely. The 
female is wingless and, attaching herself to a plant or 
fruit, secretes a scalelike shield as a refuge for herself 
and her young, losing in time her external organs and be- 
coming little more than a protecting shell. 

Coecidae are destructive to fruit trees and fruits, yet 
they do not multiply as rapidly as aphids do. The fe- 
male fastens her beak in a leaf or fruit and remains in 
one place. After secreting a scale which envelopes her, 
she lays her eggs beneath the scale, where they hatch. 
The young females settle down near the mother. Some 
Coccidae give birth to living young which are visible in 
the body of the mother, as may be seen in the microscope 
slides which I made two years ago. 

In the Mealy Bug, Dactylopinae, no scales are formed, 
but usually there is a cottony sac. In the common spe- 
cies of the greenhouses (Pseudococcus citri) Lutz* says: 
‘‘The eggs are laid under the female in a loose nest of 
sticky, white fibers in such quantities that she is forced 
to stand on her head in order to feed.’’ 

Soft Scales are characterized by the Cottony Scale of 
Maple and some other plants. These scales, if such they 
may be called, are the thickened surface of the insect 
rather than a true scale. This mass of cottony material 
is secreted by the female of Pulvinaria innumerabilis in 
which to place her eggs. The sticky substance found 
under the trees is honey-dew secreted by these insects. 


* Frank E. Lutz, Field Book of Insects, 
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Of the true Scale insects, Diaspinae, the best known, 
is probably the Aspidiotus perniciosus or San José Scale, 
which is only about .06 inch long, and was introduced 
originally into California (where it got its name), but is 
now found in most parts of the United States. This 
Seale is so well-known that a description of it is super- 
fluous. Kellogg, in ‘‘ American Insects,’’ says: ‘‘ Early 
in the spring, females which have hibernated under their 
protecting armor begin giving birth to living young, and 
continue doing this actively for about six weeks, when 
they die exhausted.’’ 

Aspidiotus ficus, Ashmead, is the Red Scale of Florida 
that affects oranges, especially on the trees grown in 
conservatories. The color is rich reddish brown, almost 
black, with the central portion much lighter. It is nearly 
circular in outline, with the molted skins in the center 
of the scale. 

Aspidiotus aurantii, Maskell, is the name of the Red 
Scale of California, which differs from the preceding, as 
Marlatt** says, ‘‘in the fact that the body of the female 
turns a reddish brown and shows through the thin trans- 
parent waxy scale. * * * * * It is controlled by oily 
washes, and also by the gas treatment. The young are 
born free, or in other words, the insect is semi-oviparous, 
and therefore any wash which will kill the old scale will 
destroy the young also.’’ 

Mytilaspis citricola, Packard, or the Purple Scale, is 
one of the most plentiful scales affecting both orange and 
lemon. It is found in Florida as well as in California. 
In shape it resembles the Oyster-shell scale of the apple, 
which is round and flat at one end and gradually narrows 
to a blunt point at the other. It has a bent or twisted 
appearance. The color is brownish purple. 


** Cc. L. Marlatt, Scale Insects and Mites on Citrus Trees. 
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OPPORTUNITIES FOR BOTANICAL RESEARCH 
IN CENTRAL AMERICA 


J. M. Greenman, Curator or Herpartum, Missourt Bo. 
TANICAL GarpEN, St. Louts, Mo. 


It was my good fortune during the winter of 1922 to 
make a botanical expedition through Central America. 
I have no intention now of giving an account or travelo- 
gue of that expedition, yet, remote as my topic may seem, 
there are a few matters relative thereto which, I think, 
are of sufficient general interest to bring before this 
group of active scientific men and women. I should like 
furthermore to say at the outset that by opportunities for 
botanical research in Central America I do not mean op- 
portunities offered by elaborately equipped and well 
manned laboratories in endowed institutions, nor do I 
have reference to special grants generously made by 
scientific organizations in Central America to encourage 
botanical research. These things, as you all know, do 
not exist in that country. 

I do want to call your attention, however, to the fact 
that Central America itself offers exceptional opportuni- 
ties for research in botany—first on the part of the sys- 
tematist; second, the ecologist; third, the plant geograph- 
er; and fourth, the one interested in the development of 
economic plant products. 

It is true that the flora of Mexico, Guatemala, Salva- 
dor, Costa Rica and the Canal Zone, through the labors 
of Gray, Watson, John Donell-Smith, Coulter, Robinson, 
Rose, Brandegee, Pittier, Maxon, Standley and others, 
has been studied somewhat intensively during the past 
25 or 30 years, but that work has been more or less 
intermittent, the publications are fragmentary, and there 
exists today no complete or comprehensive published 
flora of these countries; and as a matter of fact a vast 
amount of work must still be done before an exhaustive 
flora of Mexico or the other countries mentioned is pos- 
sible. 

British Honduras, Honduras, Nicaragua, and the 
Republic of Panama have been explored but little and the 
flora as yet is but superficially known. Indeed, only a 
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few hundred specimens from these countries exist in - 


American or European herbaria. To the taxonomist, 
therefore, the latter countries mentioned, particularly 
Nicaragua and Honduras, constitute an almost virgin 
field for exploration and research. 

The natural conditions in Central America, namely, 
the geographical formations, the varied topography, pre- 
cipitation, air currents, trade winds, temperature factors, 
ete., are such that the most pronounced changes in the 
character of the vegetation are evident in contiguous 
regions extending over relatively limited areas. Many 
of these regions present to the ecologist interesting and 
highly significant problems. This fact is shown con- 
spicuously as one crosses the Republic of Costa Rica 
from east to west, namely, from Port Limon on the 
Caribbean Sea to Punta-Arenas on the Pacific. 

An adequate description of this country in few words 
is beyond my ability to present. Briefly, however, the 
east coast is low, the rain fall is abundant, and the vege- 
tation is tropical. Cartago and San José are located on 
an elevated plateau about 3000-3500 feet above sea level. 
At least three rivers have their origin on this plateau. 
To the north of San José and Cartago is the so-called 
Cordillera Central, consisting of several voleanic moun- 
tains, namely, Turrialba, Irazu, Barba, Poas, and others 
ranging in elevation from 8000 to almost 12000 feet above 
sea level. Immediately to the south of this plateau lies 
the southern Cordillera with enormous mountain masses, 
such as Buena Vista, Pic de la Vueltas, El Copey, and 
Cerro de la Muerte (the wall of death), almost as high 
as those peaks to the north. 

The general course of both Cordilleras is northwest 
and southeast. The prevailing winds, at least during the 
winter months, come from the east or southeast; there 
is, therefore, an abundant precipitation on the eastern 
and southeastern slopes of both Cordilleras. The coun- 
try to the west of these great mountain masses, namely, 
west of the continental divide, receives only a limited 
amount of rain fall, especially during the winter months, 
and the vegetation there is relatively sparse and presents 
a marked contrast with that in the eastern part of the 
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country. The change in the character of the vegetation 
is quite abrupt, and is noticeable especially between San 
José and Punta-Arenas. Chemical content in the soil 
here plays little or no role in the growth of plants; it 
is mainly a matter of moisture. 

Permit me to mention another similar situation in 
Guatemala. In southeastern Guatemala is a region lying 
mainly along the Motagua River which is one of the 
most notable deserts in all Central America. On either 
side of the river is a range of mountains, off-shoots from 
the Sierra Madre; their general course is almost north- 
east and southwest, as is most of the mountain ranges 
which make up the great Honduras-Nicaragua peninsula. 
The prevailing winds here also are from the east or 
southeast, and the precipitation is confined mainly to the 
mountains east of the Motagua River or to the high 
slopes of the mountains to the northwest of the river. 
There is a very limited amount of precipitation in the 
valley, and the result is a typical cactus desert miles in 
extent, centering about the region of Zacapa and known 
locally as the Zacapa desert. Farther northeast and at 
lower altitudes in this same river valley where there is 
little to obstruct the moist-laden trade winds, namely, in 
the vicinity of Puerto Barrios, there is one of the most 
luxuriant tropical palm-vegetations to be found any- 
where in Central America. These may seem to be very 
simple matters in ecology. They are; but they are sig- 
nificant nevertheless, not only in determining the charac- 
ter of vegetation on local areas but also in determining 
the distribution of vegetation in the American tropics. 
A particular opportunity, however, to which I should like 
to call the attention of the ecologists is that of a study 
of plant succession in voleanic craters. For example, 
there are on Mount Poas in Costa Rica several volcanic 
craters representing eruptions which have taken place 
at different times, and each crater has, more or less, its 
distinctive flora in accordance with its relative age. 

What now are the specific opportunities in Central 
America for the plant geographer? No one can say at 
present with any degree of certainty how far the Andean 
~ flora of South America extends into Central America, 
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or to what extent the reverse migration has taken place. 
In other words, our knowledge of the flora of these two 
countries is not yet sufficient to enable any one to say 
what floral elements are common to the two countries 
or what the proportion of occurrence of floral elements 
in one country is to that of the other. Presumably there 
has been a northward trend of tropical vegetation since 
the glacial period. In this connection it may be of inter- 
est to site a few cases of specific plant distribution. 

In Colombia one of the most common types of vege- 
tation is to be found on the paramo or dry ridges. This 
type of growth consists largely of Compositae of a shrub- 
by or suffruticose habit; and it includes several species 
of Eupatorium and Senecio. One of the common plants 
of the paramo of Colombia is Senecio vaccinioides Wedd. 
Curiously enough either the same thing or a very closely 
related species, described as Senecio firmipes Greenm., 
occurs on the Vueltas and on the Cerro de la Muerte of 
the southern Cordillera in Costa Rica at an altitude of 
3100 meters or about 10000 feet. Only two stations are 
known for this plant in Costa Rica, and it has never been 
reported from Panama. The Senecio vaccinioides is very 
common in Colombia and whether the two things are 
conspecific or not, it is fair to assume that the Costa 
- Rican form has descended from the South American 
type, and probably represents a northern migration 
which has taken place since the glacial times. Certain 
other natural groups of Senecio, consisting of several 
little known trailing or climbing species, are represented 
both in South America and Central America. The af- 
finities or relationships of these species are such as to 
show clearly a South American origin; and the present 
distribution of these species is such as to indicate a 
northern migration from the Andean region of Ecuador 
and Colombia into Central America. In at least one 
instance this northward migration has extended to that 
great elevated mountain region of Orizaba in Southern 
Mexico. In most cases, however, these plants do not oc- 
cur north of the Southern Cordilleras in Costa Rica. 

May I mention one more specific example? I found 
growing, and apparently indigenous, on the great moun- 
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tain mass known as Mount Poas in Costa Rica, a species 
of Solanum which is conspecific with the South Ameri- 
can Solanum tuberosum L. from which our common Trish 
potato has been derived. It would seem that we have 
here also a case of northern migration of an Andean 
species. Further investigations along these lines would 
unquestionably yield interesting and valuable results in 
determining the relation of our Central American flora to 
that of Andean South America; and a most profitable 
region for investigation in plant distribution is that of 
these great east and west ranges of Costa Rica, Nica- 
Tagua, and Honduras. 

It is, of course, well known that Central America for 
many years, mainly through corporation interests, has 
been a source of supply for certain staple food and other 
economic plant products, particularly bananas, coffee, 
dye woods, fibers, ete. The natural resources, however, 
have been barely touched; but as a matter of fact the 
possibilities for development and increase of out-put of 
these and similar products are more promising today 
than ever before. There are already limited facilities 
for botanical research at the laboratory in connection 
with the hospital at Ancon in the Canal Zone, and cer- 
tain research work is there under way. There is also 
a small government station at Frijoles in the Canal Zone 
where certain experimental work on tropical fruits is be- 
ing conducted under the direction of Doctor David Fair- 
child. The various corporations, like the United Fruit 
Company, employ their own specialists to take care of 
their special botanical problems. Furthermore, as you 
doubtless know, a movement is under way to establish 
somewhere in the American tropics a station where it 
will be possible to carry on various lines of botanical ac- 
tivity. Transportation facilities between the different 
Central American countries are being extended by the 
Ferro Nacional or National Railway. Indeed, one can 
now travel by rail all the way from any railway point in 
the United States to Guatemala City, and it will be only 
a short time before that railway system will be extended 
through Salvador; and eventually it will be continued to 
the Canal Zone. Railways and roadways are being built 
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in Honduras and Salvador which will open up the inter- 
ior of those countries. 

Recently a chemical manufacturer in Chicago said to 
me, ‘We import hundreds of tons of plant materials from 
India, China, Ceylon, ete., from which we make oils, per- 
fumes, soaps, et cetera. Why can’t we get these raw 
products from Central America?’’ Many of them could 
be obtained there and in the West Indies also if we only 
had a better knowledge of the flora and conditions of 
those countries and could develop their natural resources. 
The United States must turn to the American tropics 
not only for an increased supply of fruit products, but 
_also for an increased supply of varied raw plant pro- 
ducts. The rapidly expanding commercial relations be- 
tween the United States, Central America, and South 
America render the present time most opportune to en- 
ter the tropics of Central America for more intensive 
botanical research. 
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A COMPARISON OF THE TRANSPIRATION 
RATES OF CORN AND CERTAIN 
COMMON WEEDS 


Heten A. McGinnis anp W. B. McDoveatt, 
University or ILLINoIs 


That the presence of weeds in a corn field is detrimen- 
tal to the intake of moisture, the reception of light and 
the manufacture of food by the corn plant has been 
demonstrated by experiment (15). Such experiments, 
however, do not show either the amount or the rate of 
removal of water from the soil by the weed invaders. 
It is the purpose of the present paper to present data 
concerning the relative rates of water loss by transpira- 
tion from the leaves of corn and of corn field weeds 
growing under the same environmental condifions. 

The study of transpiration from the leaves of grow- 
ing plants is by no means new. Trelease and Livingston 
(19), for example, measured the relative transpiring 
power of a number of plants. These authors were inter- 
ested, however, in the diurnal fluctuations of this trans- 
piring power rather than with the differences between 
different plants. Bakke (1) also measured the index of 
transpiring power of various plants and the same might 
be said of several other authors. A fairly complete bib- 
liography of the subject is given by Kiesselbach (10). 
No historical resumé of the literature will be attempted 
here but it may be pointed out that most of the writers 
have been concerned with the relative transpiring power 
of plants as compared with evaporation from a free water 
surface, the latter, rather than any living plant, being 
the standard for comparison. 

In the experiments described in the present paper the 
corn plant, rather than a free water surface, is the stand- 
ard for comparison. The data presented do not give 
quantitative information as to the rate of water loss but 
they do show comparative rates of transpiration from a 
given area of corn leaf and equal areas of weed leaves, 
thus demonstrating which transpires more rapidly area 
for area. The experimental work was carried on by Miss 
McGinnis mostly in the botanical greenhouses at the 


. 
t 
‘ 


PAPERS ON BIOLOGY AND AGRICULTURE 83 


University of Illinois, Urbana, Illinois, between Febru- 
ary sixth and April tenth, 1920. Only a few measure- 
ments were taken out of doors because it was necessary 
to finish the work before the end of the college year. 
This is regretted by the authors because they believe im- 
plicitly that ecological work should be done in the field. 
However, since the objective was comparative and not 
- quantitative results it is believed that the data in this 
case are as valuable as though obtained in the field, for 
the differences between greenhouse and field environmen- 
tal conditions should affect all plants used comparably. 


MATERIALS AND METHODS 


The corn used in this experiment was of the variety 
known as Reed’s Yellow Dent, the seed being purchased 
from Vaughan’s Seed Store, Chicago, Illinois. The 
weeds used were Polygonum pennsylvanicum, Sida spi- 
nosa and Setaria glauca, the seed of which was collected 
from cornfields near Urbana, and Ambrosia artemisii- 
folia and Abutilon Theophrasti, the seed of which was 
kindly supplied by the Agricultural Experiment Station 
of the University of Illinois. 

These five kinds of weeds were grown in the green- 
house side by side with corn in such a way as to insure 
practically identical environmental conditions for all. 
The well known cobalt chloride paper of Stahl (18) as 
described by Livingston (12) and more recently improved 
by Livingston and Shreve (13) was used for making 
the tests, care being taken to use the same leaves each 
day, or, if not the same, those having the same relative 
position on the stem. This latter precaution was taken 
because of the fact pointed out by Bakke and Livingston 
(3) that leaves of different ages and occupying different 
positions on the stem may vary markedly in their trans- 
piring power. The lateral leakage of moisture which 
undoubtedly takes place, as stated by Shive and Martin, 
when tripartite cobalt paper slips such as used by Liv- 
ingston and Shreve are employed may be disregarded 
in this experiment since any such leakage that occurred 
must have affected readings from all plants used to the 
same extent. 
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In every case transpiration readings were taken from 
both the upper and lower surfaces of the leaves used and 
the average of the two was taken as the result to be re- 
corded. Also, whenever possible, readings were repeat- 
ed one or more times and all readings taken were aver- 
aged for each plant. The data given in the following 
table, therefore, consist of averages rather than Ge re- 
sults of single readings. 


RESULTS 


The results are given in tabular form below. The fig- 
ures in columns A, B, C, D, E, and F give the number of 
seconds required to change tlie color of the cobalt paper 
by the transpiration of the plant named at the head of 
the column. The columns headed A-B, A-C, ete. are dif- 
ference columns and show the number of seconds more or 
less that were required to change the color of the cobalt 
paper on the foliar surfaces of the weeds than on that 
of the corn. A plus sign in these columns indicates that 
the number of seconds required for the color change was 
more in the case of the corn than in that of the weed 
while a minus sign indicates a greater number of seconds 
for the weed than for the corn. 
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DISCUSSION 


In order to interpret the above data correctly it is 
necessary to keep in mind the fact that the figures in 
columns 2 to 7 represent in each case the number of 
seconds required for the color change in the cobalt paper 
to take place. A large number therefore indicates a low 
transpiration rate while a small number indicates a high 
transpiration rate. Likewise a plus in the difference col- 
umns indicates a high transpiration of the weed as com- 
pared with corn, while a minus shows that the rate in 
the case of the weed was low as compared to corn. With 
these facts in mind it is seen readily from the averages 
at the end of the table that all of the weeds used have 
higher transpiration rates, per unit area, than corn. Se- 
taria, which is a grass and therefore closely related to 
corn, has a transpiration rate only slightly higher than 
corn since the average difference (column A-D) is only 
17.6 seconds. The four dicotyledonous weeds, however, 
all have rates considerably higher than that of corn, the 
average differences varying from 45 seconds in the case 
of Abutilon to 94.8 seconds in the case of Ambrosia. 

As seen from the table, the plants used, when arranged 
in the order of decreasing transpiration rate, stand as 
follows: Ambrosia, Polygonum, Sida, Abutilon, Setaria_ 
and corn. This order is fairly consistent with the num- 
ber of stomata per unit area on the leaves of these plants 
Corn and Setaria havé approximately equal numbers of 
stomata per unit area and they are about evenly distrib- 
uted on the upper and lower leaf surfaces. The numbers 
are very small, however, as compared to those found on 
any one of the dicotyledonous weeds, though the latter 
have many more stomata on the lower than on the upper 
surfaces. 

The work described in this paper proves that corn 
transpires more slowly area for area than the weeds 
with which it was compared. Whether or not this fact 
is an economically important one under any conditions 
has not been demonstrated. Kiesselbach (10) showed 
conclusively that weeds do rob corn of some needed mois- 
ture, but other factors such as food supply, light rela- 
tions, etc., have usually been considered of more im- 
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portance. It is logical to suppose, however, that in case 
the moisture content of a soil were low, the withdrawal 
of even a small portion of this water by weeds might 
prove very serious to the life of the corn and, in this 
case, the rate at which weeds take water from the soil 
and transpire it into the atmosphere would be a factor 
of great practical importance. 


SUMMARY 


1. The relative rate of transpiration of Zea Mays, 
as indicated by cobalt paper, is lower per unit area than 
that of Polygonum pennsylvanicum, Sida spinosa, Am- 
brosia artemisiifolia, Abutilon Theophrasti and Setaria 
glauca. 


2. Of the weeds compared with Zea Mays, Ambrosia 
artemisiifolia has the highest rate of water loss. 

3. The transpiration rates of Zea Mays and Setaria 
glauca are more nearly similar than those of the corn and 
any of the dicotyledonous weeds studied. 
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THE DETERMINATION OF THE AGE OF FISHES 
FROM SCALE CHARACTERISTICS 


Frank Siro, University or 


Most people will be interested in the statement that 
many of our common kinds of fish carry about with them 
a record of the number of winters which they may have 
passed, and that the record is accessible to anyone who 
is familiar with the code, and who will take scales from 
a suitable place on the body of the fish and examine them 
with a microscope of rather low power. ‘There is much 
difference in the ease and certainty with which such ree- 
ords can be deciphered, but among some groups, includ- 
ing sunfishes, black bass, and allied kinds, age determina- 
tion is accomplished quite easily. 

The presence of ‘‘winter marks’’ or annuli on scales 
of certain kinds of fish has been known for many years 
to specialists, and there is already an extensive litera- 
ture dealing with age determination of marine and fresh- 
water fishes of Europe, and a few papers have appeared 
dealing with age studies of certain marine fishes of North 
America. Last year four papers from the University of 
Toronto dealt with rates of growth of Lake Erie fishes, 
including ciscoes, wall-eyed pike, yellow perch, and white- 
fish; and within the past few weeks a paper has been pub- 
lished by the Bureau of Fisheries at Washington which 
contains the results of similar studies on the orange- 
spotted sunfish which is a small form, common in IIli- 
nois and in various parts of the Mississippi Valley. This 
last paper is sold by the Superintendent of Documents, 
Washington, D. C., and is designated as: Bureau of Fish- 
eries Document No. 938. It contains illustrations show- 
ing the appearance of scales and the annuli or winter 
marks when examined with the microscope. 

It seems almost surprising that so little attention has 
been given thus far to such studies on fishes of the Mis- 
sissippi Valley and of Illinois, but a beginning has been 
made and much greater interest doubtless will be evi- 
dent in the near future. An extensive series of studies 
on Michigan fishes by zoologists of the University of 
Michigan is now in progress, and a beginning has been 
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made at the University of Illinois on certain Illinois 
fishes. 

Information that is not only interesting but that may 
be quite important becomes available when one can learn 
readily the age of fishes collected in various kinds of 
habitats. Two year old yellow perch from a small lake 
in northern Michigan are only two-thirds as long as 
perch of the same age from Lake Erie, and a five year 
old perch from the former lake may be scarcely as large 
as a three year old one from the Great Lakes. A law 
fixing the same minimum size of perch that may be 
taken from the two kinds of situations cannot be equally 
well adapted to both. A decision concerning the planting 
of young fish of any particular kind into a certain body 
of water might reasonably be greatly influenced by a 
knowledge of the rate of growth of that kind of fish in 
such a body of water. 

Scale studies also permit a fairly close approximation 
to the size which any individual fish had attained at the 
times when its various winter marks were formed. 
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SEEDLING VASCULAR ANATOMY OF NELUMBO 
LUTEA 


This investigation was begun in 1913 in the hope of 
throwing further light on the origin of the monocotyls 
and dicotyls. During the progress of the work the de- 
velopment of the megasporangium, the megaspore, the 
female gametophyte (embryo sac), the proembryo and 
the embryo has been retraced. My preparations seem 
to be in agreement with the work of Lyon (6), York (7), 
Cook (2), and Conard (1). The only addition that I 
make to what is already known is the seedling vascular 
anatomy. 


Material was obtained from the Illinois River at Mere- 
dosia, Illinois; from the Huron River at Huron, Ohio; 
from Grass Lake, Wisconsin; and from seedlings grown 
in the greenhouse of the Botany Department of the Uni- 
versity of Chicago. 


Seedlings which had ‘‘germinated’’ naturally in the 
Illinois River were collected at Meredosia, June 3, 1913 
(Fig. 1). As there was a severe flood that year germina- 
tion must have been unusually late. The seedlings were 
in some cases still in the top-shaped flower receptacles, 
but had developed so far as to have rhizomes and ad- 
ventitious roots. Some freed seedlings were found. 
These showed how evanescent is the primary root; for 
it had never grown beyond the cotyledons. Adventi- 
tious roots had developed. 


The development of megaspores and microspores, pol- 
lination, fertilization, the development of the embryo and 


seed formation, must proceed very rapidly; for all these | 


stages were obtained from flowers and fruits collected on 
a single day, August 25, 1914, at the mouth of the Huron 
River. The seeds of course were not mature, the coty- 
ledons were green and the seed coat had not been formed ; 
but they were normal in size. In the fall the receptacles 
drop to the bottom of the stream, lie dormant during the 
winter, and the seeds ‘‘germinate’’ probably the suc- 
ceeding spring. 
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FORMATION OF THE COTYLEDONS 


The proembryo is spherical. I find no suspensor. My 
preparations seem to conform to those of Lyon (6) and 
York (7). However, in the light of later ideas of plant 
phylogeny I should place new interpretations upon them. 
The spherical embryo at first slightly elongates in the 
line of the long diameter of the embryo sac, (Figs. 2, 3). 
Soon it widens at right angles to the preceding elonga- 
tion (Fig. 4), showing two actively growing points on 


Figs. 7 and 8. 


opposite sides of the periphery and a meristematic tip 
in the center. One of the peripheral growing points is 
much more active than the other, producing a single coty- 
ledon (Fig. 5). Shortly after this the second growing 
- point increases its activity and a second cotyledon ap- 
pears (Fig. 6). The region between the two cotyledons 
grows very slowly. So rapid is the growth of the second 
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Figs. 2, 3, 4. 
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cotyledons that both are soon practically of the same 
size (Figs. 7, 8). 

Desmogen strands show distinctly in a seedling hav- 
ing cotyledons 15 mm. in length with an epicotyl 4 mm. 
in length (Fig. 9). Phloem and xylem are not distinctly 
differentiated in the strands; but they can be traced 
easily. There are four root strands and one strand to 
each cotyledon. The latter forms three desmogen 


: 


- 


strands. The first and second leaves show early traces 
of similar strands. A single strand shows on each side 
of the epicotyl. The primary root is present, but no ad- 
ventitious roots. 

A slightly older embryo proved most helpful. Both 
longitudinal and transverse sections were made. A re- 
construction of the arrangement of the vascular bundles 
was made from the transverse serial sections by means 
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of two wax models; one of the region of the cotyledonary 
plate, the other the region of the epicotyl. This seed- 
ling has a short, thick, evanescent primary root, which 
never emerges from the surrounding embryonal tissues. 
Primary roots have four protoxylem strands. Each half 
of each strand separates from its fellow and these eight 
strands form a ring at the base of the cotyledonary 
plate, the phloem being placed outside of the xylem. As 


Fig. 13. 


the embryo grows, one broad bundle from each side of 
the ring is laid down in each cotyledon. Each of these 
proves to be a complex of a number of bundles, twelve 
in this seedling, which can be separated into three groups, 
the various bundles meeting and parting again, thus 
forming the lattice work vascular structure of the typical 
monocotyledon, a polystelic vascular system (Fig. 12). 
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EPICOTYL ANATOMY (FIG. 13) 


The following is the arrangement of the fibro-vascular 
bundles in the lower part of the epicotyl. In the center 
are four very prominent central bundles. Surrounding 
these are twelve smaller bundles, roughly describing a 
circle. The cotyledons were cut off between these bundles 
and the peripheral bundles. The latter are of course 
cotyledonary bundles, not epicotyl bundles. This ar- 
rangement continues for a considerable distance, but is 
disturbed at the level where the adventitious roots are 
given off. Six were formed in the seedling from which 
the model was made. They are the first permanent roots, 
and arise from an almost complete ring formed by the 
central bundles. The first leaf is supplied by strands 


Fig. 14 


which connect with one of the four central bundles, by 
peripheral strands, and by fusion strands connected with 
these two types. However, the suceeding leaves are sup- 
plied by fusion strands from all the epicotyl bundles. 
The arrangement of three desmogen strands to a leaf 
shown so clearly in the younger seedling has given place 
to a fusion type of structure. At this stage the petiole 
of the first leaf does not show fusion of strands. The 
adult leaf of Nelumbo lutea was cleared by immersion 
in equal parts of hot absolute alcohol and glacial acetic 
acid followed by immersion in clove oil and later by im- 
mersion in xylol. 
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It was then evident that although most of the vascu- 
lar strands were closed, some of the small strands had 
blind endings. This would mean a dicotyl leaf venation, 
which was very close to monocotyledony. Immersion 
in a saturated chloral hydrate solution for twenty-four 
hours was tried for the same purpose, but with poorer 
success. 

The fusion of bundle strands to form partial rings 
is a prominent feature. In some of these, leaf gaps may 
be seen. 

The rhizome of Nelumbo lutea was studied. It is poly- 
stelic and shows collateral bundles without cambium, a 
monocotyl character (Fig. 14). However a few dicotyls 
are polystelic. Comparison of this rhizome with that of 
Nelumbo albiflorum shows the same type of bundle for 
both. Longitudinal sections of adventitious root tips 
of these two species were studied also, and are both of 
the usual dicotyl type. They differ only in that the outer 
cells of N. albiflorum have pitted walls. Conard states 
(1) that the Nymphaceae have this type of root struc- 
ture. 

Why the cotyledons of Nelwmbo lutea should develop 
so peculiarly is difficult to understand. In embryos with ~ 
a single cotyledon, the latter develops in contact with 
the ovule wall, which is markedly thicker there than the 
rest of the wall. This may mean larger food supply 
and therefore faster growth at that point. Later the sec- 
ond cotyledon grows with increasing rapidity and very 
soon overtakes the first. At the same time the meristem 
in the center grows slowly, the tissues between the coty- 
ledons véry slowly, and we have an apparent dicotyl 
plant. Before the second cotyledon has grown to any 
size, the thickening of the ovary wall has disappeared. 

The researches of Coulter, Land, and Farrell show 
that monocotyledony and dicotyledony mean little and 
are very easily interchangeable. Farrell (5) found four 
growing points on the cotyledonary zone of Cyrtanthus. 
All except one slowed up and a single cotyledon was 
formed. Coulter and Land (4) found in Agapanthus 
one completely dicotyledonous seedling, while all the oth- 
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4 
4 
4 
| 


: 
Me” 
. 
. 
if 
‘ 
a 


PAPERS ON BIOLOGY AND AGRICULTURE 97 


ers were monocotyledonous. The same authors show 
that even the grasses have in many cases a suppressed 
cotyledon (3). 

SUMMARY 


1. The massive spherical proembryo without a sus- 
pensor is considered to be a primitive characteristic. 

2. The root, perhaps the most conservative organ, ap- 
pears to show the prevailing dicotyl type, having a region 
of undifferentiated cell tissue from which calyptogen ‘and 
dermatogen are ultimately derived. This arrangement 
corresponds to DeBary’s third type of root tip. 

3. The other vascular bundles of the plant are of the 
generally accepted monocotyledonous type as is shown 
by: 

(a) Three vascular strands to each leaf and coty- 
ledon in the juvenile stages. 

(b) Polystelie bundle arrangement. However it 
must be remembered that while most mono- 
cotyls have this arrangement, some dicotyls 
also have it. 

Rhizome and epicotyl bundles are collateral 
and without stelar cambium. However a very 
few of the dicotyls are without stelar cambium 
and some monocotyls are said to show traces 
of stelar cambium. 

The venation of the adult leaf is diecotyledon- 
ous. 

One cotyledon preeedes the formation of a 
second cotyledon. 


CONCLUSION 


Nelumbo lutea is phylogenetically one of the higher 
angiosperms having both monocotyledonous and dicoty- 
ledonous characteristics. The fibro-vascular bundles are 
strongly monocotyledonous but they throw no light on 
the origin of the seed plants. 

Finally, I wish to express my sincere thanks to Dr. J. M. 
Coulter, to Dr. W. J. G. Land, and to Dr. C. J. Chamber- 
lain for kind assistance given me while making this in- 
vestigation. Also to Dr. W. E. Davis of Manhattan, 
Kansas, to the authorities of the Missouri Botanical 
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Garden, and to Miss Gladys Gladfelter for helping me 


to 


secure material difficult to obtain. Also to Dr. L. C. 


Petry of Syracuse University for making the photograph 
of the vascular structure of the cotyledonary plate. 
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LEGENDS FOR FIGURES. 


. 1. Seedlings which had germinated naturally, in the Illinois 


River. 


. 2. Micropylar end of young ovule. 
. 3. Spherical proembryo from Fig. 2. Begins to show traces of 


the traces of the formation of the root and cotyledons. 


. 4. Older proembryo. 
. 5. Photograph of a wax model of a young embryo with a single 


cotyledon. 


. 6. Photograph of a wax model of a slightly older embryo. The 


first cotyledon is large and in the background; the second 
cotyledon is small and is in the foreground. 


. 7. Diagram giving the shape of an older embryo: c, cotyledon; 


m, meristemic tip. 


. 8 Diagram giving shape and relative size as compared with 


Fig. 7, of an older embryo. 


. 9. Diagram of the desmogen strands of a young seedling made 


from serial longitudinal sections. Actual size of embryo. 
Length of cotyledons 15 mm. Length of epicotyl 4 mm. 
PR, primary root; vp, cotyledonary ring; L‘L*L/’, first, second 
and third leaves; MT, meristematic tip; rs, root strands; 
cps‘, cps’, primary cotyledonary strands; st, stem traces; 
css', css*, secondary cotyledonary bundle traces; leaf 
traces. 


. 12. Photograph of a wax model made from serial transverse 


sections of the cotyledonary plate of the same seedling. The 
sections were 10 u thick. Four central bundles usually 
termed “stem bundles” are seen. Surrounding these are 
two concentric rows of bundles. The cotyledons were cut 
off from the stem between the inner and outer peripheral 
rows of bundles. The lattice work arrangement of the 
vascular strands is evident. 
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Fig. 13. Diagram of bundles in the epicotyl of the same seedling. 
Constructed by means of a model from the serial transverse 
sections 10 u thick. The base plate shows the arrangement 
of bundles thru the lower part of the epicotyl, from the 
region where the cotyledons are cut off, to the region where 
the adventitious root strands (AR) arise. 

S', S*, S*, S‘—central epicotyl bundles. 

F', F*, F*.—first, second, and third leaves. 

LG’, LG*, LG*,—first, second, and third leaf gaps. 
L*,—peripheral vascular strands. 

Fig. 14. Transverse section of a bundle from the rhizome of Nelumbo 
lutea. 


Nore: In the preparation of the model of the oldest seedling pictured, 
comparisons were made with still older seedlings to determine 
certain points difficult to ascertain in so young a seedling. Some 
of the ideas thus gained are incorporated in the model. 
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THE BRAIN OF COENOLESTES OBSCURUS 
JEANNETTE Brown Osencuain, University or CHicaco 


Coenolestes is a small ratlike Americal marsupial 
about five inches in length from tip of snout to root of 
the slender tail. It is a native of the high Andean forests 
and has been known to science since 1860, so far by rare 
ind usually incomplete specimens from Colombia, Keua- 
dor and Peru. Dr. Wilfred H. Osgood of the Field Mu- 
seum recently collected eleven specimens, which he made 
the basis of an extensive monograph published in 1921. 
The brain of one specimen was sufficiently preserved for 
study, and Dr. C. Judson Herrick described and figured 
its dorsal, lateral and ventral surfaces in an appendix 
to the monograph. Cut into serial sections and stained 
by the iron-haematoxylin method to show both cells and 
fibres, it forms the basis of the present study. 

The brain of this creature is especially interesting for 
two reasons. First, because it is one of the simplest and 
most generalized of mammalian brains, since both the 
monotreme brains are rather highly specialized. Second, 
because the classification of Coenolestes in one or the 
other of the two marsupial suborders, Polyprotodontia 
and Diprotodontia, has given rise to a long and lively 
controversy. 

In his account of the external features of this brain 
Dr. Herrick drew attention to its extreme simplicity, as 
evidenced both by the enormous development of the visi- 
ble olfactory regions (olfactory bulbs, olfactory tu- 
bercles, lateral olfactory cortex) and by its small and 
smooth eerebral cortex, which he thought to be probably 
the least extensive, relative to the total weight of the 
brain, in the whole mammalian series, as so far described. 
He noted also that in external conformation the brain of 
Coenolestes resembled much more closely those of two 
Australian polyprotodont forms, the bandicoot Perame- 
les and the marsupial mole Notoryctes, than it did that 
of the American opossum. 

The lateral olfactory cortex, the cortex of the pyriform 
lobe (lob. p.), oceupies more than half the lateral sur- 
face of the brain (Fig. 1). Both anteriorly and posterior- 
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ly it is in continuity with the median olfactory cortex 
or hippocampus (hip.). Dorsally (Fig. 2) the two are 
split apart by the wedgelike neopallium, which occupies 
the dorsal surface of the hemisphere. Its lines of con- 
tact with the two olfactory cortices are marked by two 


Fig | 


neopallium 
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Fig. 1. Lateral view of the cerebral hemisphere of Coenolestes obscurus, 
as reconstructed from serial sections. 

Reference letters: amg., amygdaloid complex; b. ol., olfactory bulb; fs. 

amg., amygdaloid fissure; fs. erh., endorhinal fissure; fs. rh., rhinal fis- 


sure; lob. p., pyriform lobe; tr. ol. L, lateral olfactory tract; tub. ol.. 
olfactory tubercle. 


fs. 


heopaltium 


Fic. 2. Dorsal view of the cerebral hemisphere of Coenolestes obscurus, as 
reconstructed from serial sections. 
Reference letters: 0. ol., olfactory bulb; fs. rh., rhinal fissure; lob. p., pyri- 
form lobe. 


Fic. 3. Ventral surface of the cerebral hemisphere of Coenolestes obscurus, 

as reconstructed from serial sections. 

Reference letters: amg., amygdaloid complex—dotted outline indicates 
internal extent; 6b. ol., olfactory bulb; fs. amg., amygdaloid fissure ; 
fs. erh., endorhinal fissure; fs. rh., rhinal fissure; lob. p., pyriform lobe ; 
neop., neopallium; tr. ol. 1, lateral olfactory tract; tub. ol., olfactory 
tubercle, 


| 
fs. rhef 
val 
lob. 
amg"F 
Fig. 2 
bol. 
lob. p 5. erh 
pans, 
lob. p 
fs. rhe 
i 


102 ILLINOIS STATE ACADEMY OF SCIENCE 


fissures—the hippocampus fissure (fs. hip.), where it 
meets the hippocampus, and the rhinal fissure (fs. rh.) 
where it meets the pyriform cortex (lob. p.) 

Ventrally (Fig. 3) also these two olfactory cortices, 
lateral and medial, are separated by another wedgelike 
mass composed of two structures, one behind the other, 
both enormously developed in this brain. The anterior 
one is the great rounded olfactory tubercle (tub. ol.), 
lying just behind the huge olfactory bulb (b. ol.). It is 
encircled by a deep fissure, whose lateral portion is called 
the endorhinal fissure (fs. erh.). This is an important 
landmark and will be referred to later. The posterior 
of the two structures is the enormous amygdaloid com- 
plex (amg.). It lies just behind the olfactory tubercle 
and fills the rest of the basal surface of the brain. 

Both these structures are complex as well as very 
large. In microscopic sections the olfactory tubercle 
presents a highly spectacular picture of convoluted and 
rolled cell masses or sheets, composed of cells of many 
sizes and types—the so-called ‘‘islands of Calleja’’. The 
olfactory tubercle receives great numbers of secondary 
olfactory fibres from both the lateral and median olfac- 
tory tracts, and emits a great quantity of tertiary fibres 
which join those from the pyriform lobe and sweep be- 
neath the ventricle in a broad stream up into the median 
wall of the hemisphere to make connections with the 
hippocampus. 

The amygdaloid complex (amg.), whose enormous su- 
perficial extent has already been emphasized, exceeds 
internally this area both in breadth and length (Fig. 3, 
dotted outline). It consists of five distinct nuclei and 
perhaps more subsidiary ones. The anterior ones are 
in continuity with the cell bed of the stria terminalis, 
the great complex fibre stream which connects the amyg- 
daloid region with other parts of the brain. The poster- 
ior lateral ones are in part continuous with the lower 
edge of the pyriform cortex, from which they appear to 
have been derived along a line of infolding whose ex- 
ternal manifestation Dr. Johnston has called the amyg- 
daloid fissure. This fissure, externally very obscure but 
internally obvions, continnes the endorhinal fissure (fs, 
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erh.) backward, and the two together mark the ventral 
border of pyriform cortex. 

The median surface (Fig. 4), known only in recon- 
structions (since the brain was cut entire), strikingly 
conforms to the simplicity of the exposed surfaces. It is 
typically marsupial, but the dorsal or hippocampal com- 
missure (com. d.), which assumes a more or less pro- 
nounced bilaminar form in marsupials, is here triangular, 
with only a hint of bilaminarity. In this respect it ap- 
proaches nearer to the solid rounded monotreme form in 
Coenolestes than it does in the other marsupials. 


Fig 4+ 


Fia. 4. Median section of the cerebral hemisphere of Coenolestes obscurus, 
as reconstructed from serial sections. The thalamus has been 
cut away. The gyrus dentatus appears on the exposed median 
surface between the hippocampal and fimbrio-dentate fissures 
(the latter of which is posteriorly really an alveo-dentate fissure 
in this case, since the extra-ventricular alveus covering the hippi- 
campus inversus or upturned median flap of the ammon’s horn, 
intervenes between this part of the fissure and the fimbria). 

Reference letters: alv., extraventricular alveus; amg., amygdaloid com- 

plex ; b. ol., olfactory bulb; ch. op., optic chiasma; com. d., dorsal com- 
missure; com. v., ventral commissure; fim., fimbria; fs. amg., amygda- 
loid fissure; fs. fim.-d., fimbrio-dentate fissure (alveo-dentate fissure 
posteriorly) ; fs. rh., rhinal fissure; g. dent., gyrus dentatus; in/., in- 
fundibulum; lob. p., pyriform lobe; 1. t., lamina terminalis; tub. ol., 
olfactory tubercle. 


Two great arched fissures mark thé position of the hip- 
pocampus (hip.), which occupies a great part of the 
median wall of the hemisphere. Anteriorly the upper or 
hippocampal fissure (fs. hip.) extends very far forward, 
in the manner characteristic of this type of brain. Pos- 
teriorly it is considerably less developed than in the 
opossum, and apparently even less than in Notoryctes. 
No suitable figure of Perameles was available for com- 
parison on this point. Internally this fissural situation 
is correlated with an extremely simple condition of the 
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posterior or temporal end of the hippocampus. In this 
brain the temporal end of the hippocampus, which marks 
the morphological anterior end of the temporal lobe in 
higher mammals, lies very near the posterior pole of the 
hemisphere, a condition recalling that found in the rep- 
tiles. There is only a very slight forward curvature of 
the hippocampal formation in this region. The hippo- 
campus is, as it were, caught in the very act of ‘‘turn- 
ing the ecorner’’. The opossum hippocampus has already 
done so very neatly, by means of the formation of a for- 
wardly directed pouch of cells. 

Turning now from a study of the general anatomy of 
this brain we may consider the second phase of interest 
connected with it, which concerns the light which it might 
shed upon the di-polyprotodont controversy, with its 
important bearings on the geographical and chronologi- 
cal distribution of marsupials. The most exciting single 
feature of the brain of Coenolestes is that one which con- 
stitutes the evidence on this point—the only evidence, 
apparently. Writing in 1902, Prof. Elliot Smith stated 
that upon examination of all marsupial brains (except 
Coenolestes) he found that all diprotodont brains with- 
out exception possessed an anatomical peculiarity which 
was not to be found in any polyprotodont brain or in 
any other mammalian brain, and which therefore consti- 
tuted a true diagnostic character of diprotodont brains. 
This structure he named the ‘aberrant bundle’’. It is 
the upper part (Fig. 5, f. ab.) of the anterior or ventral 
commissure which splits away from the lower part to 
gain the corona radiata by way of the internal capsule 
(cap. i) instead of by the usual route in the external eap- 
sule (cap. e). It appears in every diprotodont brain re- 
gardless of size, from the giant kangaroo, five feet long 
from snout to root of tail and weighing 200 pounds, to the 
pygmy flying phalanger, two and a half inches long ex- 
clusive of the tail. It is absent in every polyprotodont, 
American or Australian, including the largest, the Tas- 
manian wolf, which it is said a number of dogs will hesi- 
tate to attack. I have not been able to detect it in Coenol- 
estes. If it be accepted as a criterion of diprotodont 
brains, Coenolestes should be classified with the poly- 
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protodonts. This reverses Dr. Osgood’s couelusions, 
based on careful and exhaustive sifting of all lines of 
evidence save that from the nervous system. Thus 
America is left with only extinet diprotodonts, the in- 
ternal anatomy of whose brains we can, unfortunately, 
never know. One might, of course, take the position that 
the ‘‘aberrant bundle’’ is a character of the Australian 


Fig 5 


DIPROTODONT 


COENOLESTES 


Fic. 5. The aberrant bundle. Corresponding sections through the brains 
of a polyprotodont and a diprotodont (from Elliot Smith), and 
Coenolestes. 


Reference letters: cap. e., external capsule; cap. i., internal capsule; com. 
.. dorsal commissure; com. v., ventral commissure; f. ab., aberrant 
bundle. 
diprotodonts alone, developed after the diprotodont stem 
split in two, an Australian and an American. Dr. Os- 
good in the final paragraph of his monograph says that 
the classification of Coenolestes with the diprotodonts 
‘*does not emphasize its supposed phylogenetic relation- 
ship to the [polyprotodont] peramelids, but recognizes 
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its advance beyond them to greater morphological simi- 
larity to the specialized diprotodonts. On the basis of 
present findings, the only logical alternative would be 
to remove the peramelids from the Polyprotodontia and 
unite them with the coenolestids in a group co-ordinate 
with (1) the Australian Diprotodontia and (2) the re- 
maining Polyprotodontia. This, however, could not be 
done consistently without further division, especially of 
the polyprotodonts, which does not seem advisable in 
the present state of knowledge.’’ 

But regardless of the position of Coenolestes within 
the marsupials, its brain is certainly an example of an 
exceedingly simple and unspecialized mammalian brain, 
perhaps the most generalized one we know. And as such 
it stands closer to the line along which the Australian 
diprotodonts have developed than do the more special- 
ized polyprotodonts of America. 
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STUDY OF EGG LAYING AND FEEDING HABITS 
OF GALERUCELLA NYMPHAEAE 


Hewen M. Scorr, Knox 


This investigatin on Galerucella nymphaeae was done 
at the Biological Station of Michigan during the summer 
of 1918 at Douglas Lake. The investigation was carried 
on in conjunction with certain field and laboratory 
courses at the station, so that but part time could be given 
to the study of the problem. 

Observations were made in the field among the natural 
relations of this beetle, as well as in the laboratory where 
conditions could be somewhat more effectively controlled 
and the reactions carefully noted. The adults and larvae 
were brought into the laboratory on lily pads and were 
placed in aquaria. Some of these were placed on the 
leaves of white nymph (Castalia) and the common pond- 
weed (Potomageton), while others were left on the yel- 
low waterlily pad (Nymphaea) on which they were 
found. These leaves were floated on lake water in the 
aquaria and cheese cloth was tied over the top to pre- 
vent the escape of the beetles. 


LIFE HISTORY 


The life history of this beetle is similar to that of all 
Coleoptera in having metamorphosis. The egg hatches 
into a larva with a black head possessing two, three- 
jointed tuberculous antennae. The thorax and abdomen 
are black except at the sutures where white fuscous lines 
divide the black into distinct areas. There is a similar 
line on the meson of the notum of the three thoracic seg- 
ments and likewise on each abdominal segment, dividing 
it into two parallel transverse bands, the posterior of 
which is the longer. Prolegs are developed on the ven- 
tral surface of the last abdominal segment only. 

The pupa is black except in the region of the sterna 
of the thorax and abdomen. The apical segment of the 
abdomen, however, is covered by the cast off skin of the 
larva. The very young pupa is lighter in color and the 


legs, wing pads, and antennae are not closely joined to 
the body. 
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The adult is small, oval, and of a dull yellow color, hav- 
ing the head usually distinct with an easily discerned 
median impressed line. The side margins of the elytra 
are lighter than other regions, and the length of the 
beetle when metamorphosed is 4.5—6 mm. The anten- 
nae are as long or longer than half the body, and the 
third joint is somewhat longer than the fourth. 


FEEDING HABITS OF THE LARVAE 


Larvae were placed upon leaves of the white nymph 
(Castalia) and upon those of the common pondweed 
(Potomageton) to determine whether or not they would 
feed on the foliage other than the yellow waterlily 
(Nymphaea). Both the yellow and white lily pads oe- 
cur in the same region on Douglas Lake, but only the 
former were found to be eaten by the| larvae. The 
Potomageton leaves were not touched, and in one aquar- 
ium where the white nymph pads were placed there were 
no evidences of the larvae feeding. In another aquar- 
ium under observation, containing a white nymph pad, 
the leaf was punctured but there were no evidences that 
it had been eaten. The larvae in all of the aquaria pu- 
pated in a relatively few days after they were placed on 
the different kinds of leaves; although it does not fol- 
low that the food relations were a factor in pupation. 


FEEDING HABITS OF THE ADULTS 


Three aquaria, two of which contained leaves of Poto- 
mageton and one of white nymph, were set up on the 
morning of July 30th. Into each of these several adult 
beetles were introduced. In one of the two aquaria con- 
taining Potomageton the leaves became infested with a 
fungus growth and had not been eaten by the insects up 
to the time that they were removed on Aug. 7th. In the 
other aquarium containing Potomageton two of the beet~ 
les died on Aug. 13th, two more were dead Aug. 18th, 
but the leaves up to this time liad not been touched. Like- 
wise in the aquarium in which had been placed leaves of 
the white nymph, the beetles had failed to eat any of the 
foliage when the experiment was discontinued on Aug. 
20th. 
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In one aquarium where there were adult beetles the 
egg Mass was eaten and only the chorion or egg shell 
remained. 

BREEDING HABITS 


The eggs are oblong cylindric, 0.24 mm. wide at the 
end attached to the leaf, 0.48 mm. at the opposite end and 
0.72 mm. long. The eggs are yellow when first laid, but 
within a few hours change to ivory in color. The sur- 
face of the chorion or egg shell is covered with small pits. 

Thirty-seven egg masses were counted, and the num- 
ber of eggs in them varied from 6 to 15, confirming Need- 
ham’s work on this beetle in which he describes from 6 
to 20 in the mass. The eggs are arranged in rows vary- 
ing from one to five in each row. The following diagrams 
will show several different arrangements. 

Four aquaria were set up with yellow waterlily leaves 
in them, and adults that were found mating in the field 
were brought in and one pair introduced into each aquar- 
ium. The aquaria were set up July 15th. In one of them 
egg masses consisting of 12 eggs were laid successively 
on July 28th, Aug. 2nd, 4th, and 6th. Of the other aquaria 
that contained the breeding beetles two pairs had not laid 
any egg masses when the experiment was discontinued 
Aug. 20th. In one aquarium the male died Aug. 3rd, 
and another was put in Aug. 5th, but no egg masses were 
laid. 

In one ease the female was observed from. the time 
she began to deposit the eggs until she finished. It took 
her one hour and twenty-eight minutes to deposit eleven 
eggs. 

These are only a few observations and experiments 
made on Galerucella nymphaeae, but the writer hopes to 
do more on this problem in the near future. Very little 
is known of the habits of this beetle. 
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THE ANATOMY OF A DOUBLE MONSTER PIG 
Grorce M. Hieetns, Knox 


INTRODUCTION 


The literature upon various teratological forms is 
rather extensive; and of the cases reported, syncephaly 
is quite frequent. Fisher (’04) in his Teratology Hand- 
book records about 80 cases of syncephaly among domes- 
tic animals and 50 cases within the human family. Since 
that time additional records of a similar condition have 
been made. Carey (’17) described a case of syncephalus 
asymmetros in a pig in which two distinct cerebro-spinal 
axes were present and two hearts of unequal size in dis- 
tinct pericardia, thus differing from any other case pre- 
viously described. William and Rauch (’17) likewise 
described a case of syncephaly, also in a pig, in which the 
heart was single, but the nervous system was fused to a 
much greater degree, the spinal cords alone being dupli- 
cated. 

This dissection of another syncephalous pig is pre- 
sented because it is somewhat intermediate between those 
mentioned above. In the but partial fusion of the brain, 
the independence of the corpora quadrigemina, cerebel- 
lar hemispheres and medulla, as well as in certain other 
peculiar modifications of the anatomy, the writer feels 
that publication is justifiable. 

This pig was presented to Professor George W. Hun- 
ter of the Knox Biological Laboratory in October, 1922, 
by the farmer upon whose farm the pig had been born. 
The writer was assisted by Professor Hunter in the 
earlier dissection, and acknowledgements are made for 
this assistance as well as valuable suggestions through- 
out the entire dissection. 


EXTERNAL ANATOMY 


This monster, one of a litter of six pigs, was born alive 
but died at birth. It has a normal head with eyes, ears, 
nares and snout in proper positions and proportions. 
In the mid-dorsal line of the occipital region an addi- 
tional pair of external ears of normal size are fused at 
their bases around a single auditory aperture, which 
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opens into the posterior part of the skull. Just in front 
of this median fused auditory structure is a small tuber- 
cle, similar to that described by Carey, which represents 
a remnant of a fused lens vesicle; for just beneath it is a 
vestigial optic cup connected by nervous structures to 
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the floor of the brain at the chiasma of the two normal 
optie nerves. This relationship will be discussed in more 
detail in the section of the nervous system in the sequel. 


It is quite evident that these accessory external sen- 
sory appendages have developed through a fusion of the 
embryonic structures in such a way that the left organ 
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of one of the embryos has fused with the right organ of 
the other embryo. Accordingly, the normal eyes and ears 
are to be interpreted as the right and left organs of the 
two primitive embryonic stages. 

Two trunks, joined to each other in the mid-ventral 
thoracic regions, are attached to the posterior lat- 
eral angles of the head. These trunks are of unequal 
size. The larger is on the right side, considered from 
the standpoint of the head, and measures 25 em. from 
crown to rump; while the smaller animal, similar on 
the left side, has a corresponding measurement of but 
18cm. The bodies are joined as far back as the unpaired 
umbilical cord, which contains upom examination two 
arteries and two veins. There are eight legs, completely 
developed, which occupy proper positions upon their re- 
spective girdles. The smaller animal is devoid of tail as 
well as external genitalia and rectal openings; while the 
larger one possesses all these structures and is of the 
female sex. 


INTERNAL ANATOMY 


The metacoeles of the two bodies are continuous, so 
that the peritoneum of the one continues directly into 
that of the other; thus but a single metacoele may be 
identified. The common viscera lies almost entirely in 
that portion of the metacoele which lies within the larger 
animal; although a relatively small part does extend over 
into that portion of the metacoele in the smaller pig. A 
fused diaphragm, resulting from the greatly modified 
development, cuts off two anterior pleural regions from 
this common metacoele, and extending back along the 
dorsal surface of each body reaches to a line just anterior 
to the paired kidneys. 


THE ALIMENTARY TRACT 


The buccal cavity and the pharynx are entirely nor- 
mal, as well as those structures within them. From the 
pharynx two larynges with normal epiglottes extend pos- 
teriorly, and between them, definitely opening from the 
more ventral larynx, is the single oesophagus which con- 
tinues posteriorly between the two tracheae into the me- 
tacoele. 
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The alimentary tract is complete only in the larger 
animal, and consists of a greatly modified stomach which 
continues into an elongate undifferentiated intestine. 
The stomach is not readily differentiated into the usual 
cardiac and pyloric regions but it consists of five simple 
lobes, each connected with a centralized portion (Fig. 2). 
The lining of this stomach is conspicuously ridged, and 
the lumen into each pouch is constricted greatly by the 
approximation of these gastric folds. Upon dissection 
each pouch was found to contain coagulated masses of 
green material, suggesting a possible accummulation of 
bile secretions. Characteristic mammalian duodenum 
and ileum can not be identified; but an intestine, strange- 
ly twisted and coiled, continues back from the median 
pouch of the stomach through a small pylorus. Differen- 
tiation of the intestine into ileum and colon portions can 
not be made, for the entire tube is of uniform diameter 
throughout, except for a single enlargement where the 
shorter tract of the smaller pig continues into that of the 
larger (Fig. 2, p.). 


A secondary stomach, that of the smaller pig, consists 
of a two-lobed structure, and is bound firmly to the left 
wall of the larger stomach by heavy strands of connec- 
tive tissue. The cavities of the two are not continuous, 
neither is there a connection of the smaller stomach with 
the oesophagus; so that no digestive function could ever 
have been ascribed to this organ. Through a small py- 
lorus, this secondary tract continues into a short intes- 
tine, one-fourth the length of that of the larger pig, which 
joints its mate at an enlarged region 15 em. anterior to 
the caecum (Fig. 2, p.). From point of junction the two 
tracts are confluent and from thence continue as a single 
tract to the rectal opening of the larger pig. 


This relationship differs from that of Carey’s monster, 
in which the alimentary tract is entirely single to a point 
16 em. anterior to the caecum, where it bifureates into 
two regions, each of which is related to its own rectal 
aperture. The mesentery of this monster, peculiarly 
twisted with the coils and twists of the intestine, is 
possessed of an abundance of lymphoid and glandular tis- 
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sues, a fact possibly correlated with the peculiar develop- 
ment of the monster. 

The entire tracts are held within a region embraced by 
the livers. Of these, one lies above and the other below 
the fused viscera, the upper being slightly the larger of 
the two. In both livers characteristic lobulation is ab- 
sent; for each consists of a single enlarged structure 
hearing two or three smaller lobules (Figs. 4, 5). 

Two post-cavae are present, and from their relations 
to each other it would appear that the larger liver, more 
dorsal in position, is of the smaller pig; likewise the ven- 
tral liver belongs to the larger animal. Normal mesohe- 
pars are present, and normal gall bladders pour their 
secretions into normal bile ducts related to their respec- 
tive intestines. two-lobate pancreas is fixed by 
heavy membranes to the lobes of the larger stomach only ; 
but normal spleens are present in both animals. Pan- 
creatic ducts were not identified. 


CRO-GENITAL ORGANS 


Normal kidneys, ureters, bladder and urethra are pre- 
sent in the larger pig, as well as ovaries, oviduets and a 
well-defined uterus. In the smaller animal, on the other 
hand, two pairs of greatly reduced structures lie in the 
pelvic region, and it is entirely probable that these re- 
present rudimentary kidneys and sex glands. Neither 
ureters nor reproductive duets were identified in the 
smaller animal; but the presence of genital arteries and 
veins as well as renal arteries suggest the identification 
of these structures. Microscopie identification has not 
yet been ‘made. There are no external genitalia upon 
the smaller animal. 


CIRCULATORY SYSTEM 


Differing from the hearts of the animal described by 
Carey (1917), this monster has two hearts of approxi- 
mately equal size, each contained within its own pericar- 
dial cavity in a normal thoracic position. These hearts 
are both normal, and have normal relations to the mait 
circulatory trunks of its respective body. The hearts are 
so placed that their dorsal surfaces are opposed to each 
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other; and because of their relations to the two post 
cavae, it would appear that the larger heart, the more 
ventral one, is of the smaller pig, while the slightly smal- 
ler one is likewise of the larger pig. 

Just anterior to the larger heart the main dorsal aorta, 
coursing from its right ventricle, bifureates to form the 
two aortae, each of which passes to a normal position in 
its respective animal. That aorta supplying the larger 
animal is joined at onee by a secondary aortic arch com- 
ing from the right ventricle of the smaller heart; so that 
the two hearts thus have a common bond in these con- 
nections to the aortae. Posteriorly each aorta gives rise 
to the normal intercostals, coeliac and mesenteric arter- 
ies; although in the smaller animal these branches are 
greatly reduced and largely devoid of blood content, and 
thus were relatively difficult to trace. Renals, iliaes and 
umbilical arteries are present in the larger animal, but no 
umbilieals were recognized in the smaller. Furthermore, 
a variation is to be noted in the point of attachment of 
the umbilicals to the aorta; instead of attaching to the 
internal iliac as we would expect, here the umbilicals eon- 
neet with the aorta considerably anterior to the iliaes. 

The carotid arteries have not retained their identity 
of relationship to each animal; but all are united to the 
common aorta (Fig. 3). A single brachiocephalic artery 
arises from the arch of the smaller aorta and divides in- 
to two earotids, from which later arise a corresponding 
subelavian artery, distributed to the respective limb. 
From the bend of the aorta, just in front of the larger 
heart, a pair of arteries continue forward into the head 
region and form the paired carotids and the left subela 
vian of the larger animal; while the right subelavian of 
the larger animal arises independently from the aortic 
arch of the smaller heart (Fig. 3). The complete dis- 
tribution of these arteries into the head region was not 
ascertained, as the absence of the blood content made 
their identification extremely difficult; and accordingly 
no knowledge is available of the relation of the paired 
internal carotids to the circle of Willis, so graphically 
figured by Carey in his description of this region in his 
monster. 
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In contrast to the fused relations of the arterial sys- 
tems, the venous systems were found to be completely 
independent of each other. Post cavae are normally pre- 
sent, and these are joined in each liver by respective um. 
bilical veins, from whence a single vessel continues for- 
ward into the right auricle of the respective heart. These 
are joined by precavae coming from adjacent regions, 
although the two anterior vena cavae are independent of 
each other. 

Within the hearts, normal relations were found to exist. 
Completely four-chambered structures were developed 
and normal canals and valves separated the chambers 
from each other. Well-defined Botall’s ducts were iden- 
tified between the pulmonaries and the adjacent aortic 
arches. 

THE RESPIRATORY SYSTEM 


Two complete sets of lungs are developed, and these 
lie in independent pleural cavities, separated by double 
folds of visceral pleurae. These cavities lie around the 
heart, and each pair of lungs is connected to its respec- 
tive heart by normal pulmonary arteries and veins. The . 
ventral lungs, characteristically lobulated, are slightly . 
larger than the more dorsal pair and are understood to 
belong to the larger pig as evidenced by the vascular 
connections. Normal bronchioles and bronchi with nor- 
mal cartilage supports are developed, and from the junc- 
tion of the two bronchi, normal! tracheae extend forward 
to the neck into the pharynx. As indicated above, these 
tracheae lie one above and the other below the unpaired 
oesophagus. 

Anteriorly, each trachea continues into a larynx, ap- 
parently normal, with the three characteristic cartilages 
present, but somewhat distorted and partially fused. A 
greatly modified basihyal cartilage is present, and this is 
continuous with the hyoid apparatus, consisting of four 
parts. The hyoids, which are continuous with the ventral 
larynx, are more nearly normal, and the distal tympano- 
hyals join the auditory bulla of each temporal bone. On 
the other hand, the hyoids of the more dorsal larynx are 
greatly reduced, because of the cramped position; but 
each continues upward through the connective tissue re- 
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gion to join a peculiar structure, the fused bulla of the 
other pair of temporal bones (Fig. 10, fab). The skull is 
understood to be a fused structure, as will appear in the 
discussion on the skeleton; and thus it would follow that 
the normal bulla are but opposites of the adjacent heads, 
and that the related hyoids, although apparently normal 
on the ventral larynx, must be of independent origin 
(Fig. 6). 

The oesophagus joins the dorsal wall of the ventral 
larynx, so that the ventral tracheae and oesophagus are 
confluent here. A single opening, the glottis, connects 
this region with the unpaired pharynx above. Likewise 
a glottis is present on the dorsal larynx, and associated 
with it is a normal epiglottis, a similar one existing in 
connection with the ventral larynx above described. 


THE NERVOUS SYSTEM 


Two spinal cords are present, enclosed within separate 
neural canals. Posteriorly, that of the small pig reaches 
only to the sacrum, where it abruptly terminates; while 
that of the larger pig is more normal, terminating in a 
typical cauda equina. Lumbar and cervical swellings are 
present as well as normal spinal nerves. 

Anteriorly, each cord passes forward through a fora- 
men magnum on the posterior angle of the fused cranium, 
and then each joins its mate to form a partly fused encep- 
halon. Myelencephalon and metencephalon are indepen- 
dent of each other and are joined to their respective 
cords; but the superior colliculi of the mesencephala re- 
present the most posterior point of fusion of these parts, 
for here a firm junction is established and fiber tracts 
cross as in a chiasma. 

Just posterior to these fused superior colliculi and in 
the region between the hind brains is a compound ner- 
vous structure, evidently formed by the fusion of the 
left optic stalk of the right encephalon with the right 
optic stalk of the left encephalon. This peculiar struc- 
ture continues posteriorly and dorsally from the normal 
position of the optic chiasma, and terminates in connec- 
tion with the small amorphous structure on the median 
dorsal line of the skull just anterior to the fused exter- 


i 


120 ILLINOIS STATE ACADEMY OF SCIENCE 


nal ears. On this interpretation, therefore, the optic 
nerve to the right lateral eye is of the right eneephalon; 
while that on the left, likewise belongs to the left encep 
halon. 


The compound cerebrum is difficult of interpretation. 
Its anterior is more nearly typical of the normal telen- 
cephalon; but it is quite evident that the posterior por- 
tions are parts of a fused unit. Although normal sulci 
and gyri abound, yet identification of frontal, temporal 
and occipital lobes as such is impossible (Fig. 7). 


THE SKELETON 


Correlated with the double cerebro-spinal axis, there 
are two spinal columns, two sets of ribs and two sterna. 
Kach column is conspicuously twisted and curved; that 
of the larger animal is the longer of the two and consists 
of some forty vertebrae, while but twenty-six are present 
in the smaller column. The terminal vertebra of the 
latter is a mal-formation, and evidently is composed of 
portions of the vertebrae in the posterior lumbar region 
which have fused into a knob-like structure held between 
the paired ilia of the greatly reduced pelvic girdle. The 
numbers of vertebrae in the more anterior regions are 
identical for both animals, there occurring, however, a 
considerable reduction in the lumbar, sacral and caudal 
regions of the smaller animal. 


The pelvic girdle is normal in the larger pig, but in the 
smaller one it represents the most posterior skeletal 
structure in the trunk. It is a peculiar Y-shaped struc- 
ture. The arms of the Y are represented by normal ilia 
which support the end of the truncate spinal column; 
while the median posterior part is formed by a fusion of 
the two ischia and pubis bones. They are both greatly 
reduced and are held together by heavy strands of fibrous 
tissue. 

THE SKULL 


The skull is a fused structure. Its anterior half is nor- 
mal; but the posterior half comprises corresponding 
halves of adjacent skulls. Consequently, two occipitals 
and four parietals are identified upon the dorsal surface, 
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while upon the ventral surface a similar fusion is eviden- 
eed; so that paired sphenoids, temporals and auditory 
bulla are duplicated in the structure (Figs. 6, 9, 10). 


Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 


EXPLANATION OF FIGURES. 


Visceral mass of double monster pig. 

Stomachs and intestines of visceral mass teased apart. 
Paired hearts and main trunks of circulatory system, 
Ventral view of liver of large pig. 

Ventral view of liver of smaller pig. 

Tracheae, oesophagus and larynges with their connections. 
Dorsal view of compound encephalon. 

Dorsal. view of posterior portion of compound encephalon. 
Dorsal view of fused skull. 

Ventral view of fused skull. 


ABBREVIATIONS USED. 


basisphenoid pa pancreas 

caecum pal palatine bone 
cerebrum par parietal bone 
cricoid cartilage pe post cava 

dorsal heart pm premaxillary bone 
epiglottis pre pre cava 

fused auditory bulla r rectum 

foramen magnum rh rudimentary kidney 
fused optic stalk rsg rudimentary sex gland 
hyoid se superior colliculi 
intestine so superior occipital 
mesentery sp spleen 

malar bone st stomach 

maxillary bone ’ t temporal bone 
nasal bone th thyroid cartilage 
oesophagus tr trachea 

pouch vh_ ventral heart 
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THE NASAL CAPSULE IN NATRIX CYCLOPION 


Nina Wicks, Knox Couece. 
INTRODUCTION 


Thus far little work has been done on the chondro- 
crania of reptilia. More investigations have been made 
upon fishes and amphibia than on the reptiles, birds and 
mammals. 

Kunkel (1912) on ‘‘The Development of the Skull of 
Emys lutaria’’ gives a good description of the chondro- 
cranium of this reptile, and includes several plates. Par- 
ker (1878) describes the structure and development of 
the common snake, Tropedonotus Natrix; and again in 
1879 discusses in considerable detail the skull of the 
lizard. Parker gives more attention to the character of 
the older stages and less to the actual developmental pro- 
cess of the earlier larvae, thus making his contribution 
of less value to this investigation since he has little con- 
cern for the ethmoidal region. Gaupp (1900) describes 
the chondrocranium of Lacerta agilis, one of the lizards, 
showing a typical ethmoidal region which in some ways 
is a repetition of the work of Born (1876) on the nasal , 
organ and the related structures of both the amphibia 
and certain amniota. Seydel (1896) gave several new 
facts concerning the nasal capsules. 

Higgins (1920) in his work on ‘‘The Nasal Organ in 
Amphibia”’ figures a capsule of an older Amblystoma 
which bears a striking resemblance to that of Natrix, 
as will appear in the sequel. 

This paper was undertaken with the idea of ascertain- 
ing the relation of the reptiles to the more specialized 
amphibia as well as to the higher amniota. Natrix 
eyclopion was selected as the reptilian type; although 
perhaps not the most primitive, yet it possesses certain 
characters that relate it to primitive conditions. 

The material which forms the basis of this study con- 
sists of two embryos of different ages which were secured 
through the kindness of Prof. L. A. Adams of the Uni- 
versity of Illinois. The method of removing the embryos 
from the females is most satisfactory, for it insures 
complete identity of the species thus worked upon. The 
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work was done in the Knox Biological Laboratory, and 
the writer regrets very much that earlier and later stages 
were not available so that a more complete study of the 
development of the capsule could be made. 

These embryos, measuring respectively 75mm. and 
63mm., have been sectioned and studies made upon the 
development of the nasal capsules and their relation to 
the nasal organs. Reconstructions by the Born wax- 
plate method have been made of these structures in both 
embryos. Drawings of these models and the sections ol 
the nasal organs have been made showing the relation to 
the capsule itself. 

This work was carried on under the supervision of Dr. 
G. M. Higgins, to whom the writer is indebted greatly, 
not only for his invaluable assistance during the prepara- 
tion of this paper, but also for his inspiring influence. 

In the younger of the two embryos, that of 63mm. total 
length, chondrification is not complete, and the deeper 
structures of the head are exposed through large gaps 
in an incomplete chondrocranium. The nasal cay sules 
with which this investigation is primarly eoncerned, 
consists in this stage of two curving plates of cartilages, 
connected to each other in the median line. 

The trabeculae, which form the floor of the chondro- 
cranium in the brain region, unite anteriorly to form a 
prominent bar of cartilage, the septum nasi, which sepa- 
rates the two nasal organs from each other (Figs. 2, 4). 
This structure probably represents a prism of the paired 
trabeculae which forin so important a part of the nasal 
capsules of the amphibia. Anteriorly this septum nasi 
expands along its ventral margin into a pair of small 
perpendicular plate-like cartilages, which extend later- 
ally a considerable distance and end in prominent pro- 
cesses ventral to, but in a plane with the external naris 
(Figs. 1, 3). It would appear that these cartilages are 
remnants of primitive cornu trabeculae, so prominent in 
capsules of lower forms, but have lost in the reptiles all 
association with the nasal organ itself, being consider- 
ably ventral and anterior to the nervous structures. 

From the anterior third of the dorsal margin of the 
septum nasi, two curving plates of cartilages, separated 
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by a narrow internasal space, extend upward a short (is- 
tance and curve laterally and ventrally to cover the an- 
terior portion of the nasal organ (Figs 1,2). This struct 
ure is a complete cupola and forms the anterior wall of 
the chondrocranium. It is connected ventrally in front 
with the dorsal margin of the cornu trabeculae, above 
deseribed, its upper margin extending laterally a con- 
siderable distance to form the anterior wall of the naris 
(Fig. 1). Lateral to the narial opening, the margin of 
the cupola extends ventrally and terminates in a promi- 
nent process, so that a broad deep notch is included be- 
tween it and the lateral margin of the cornu trabeculae 
(Fig. 1). 

The roof of the capsule, formed, as above indicated, 
from the septum nasi and continued anteriorly with the 
cupola, is known as the tectum nasale (Fig. 2). It con- 
tinues laterally, and inclining somewhat ventra-poster- 
iorly, is reduced to a narrow plate of cartilage which 
forms the lateral wall of the capsule in this region. 
The remaining portion of the lateral wall is continuons 
with that portion just described, and consists of a broadly 
curving plate of cartilage, the planum lateralis, whie!li 
entirely covers the lateral surface of the posterior part 
of the nasal organ (Figs. 2,3). Its anterior ventral mar- 
gin is eurved conspicuously and forms a prominent pro- 
cess which lies slightly lateral and considerably below 
the ventral margin of septum nasi. This process has an 
intimate relation to the vomero-nasal organ, as shown 
in Figure 5, and is known by Gaupp as the Capsule of 
Jacobsen’s Organ. 

Two large fenestrae oceur within the walls of the cap- 
sule. Of these one is dorsal, lying back of the posterior 
margin of tectum nasale between palnum lateralis 
and septum nasi; while the other is of irregular shape 
and lies on the floor of the capsule, continuous with the 
lateral narial aperture (Fig. 3). Thus the nasal organ, 
of this stage, is exposed upon its entire ventral and pos- 
terior dorsal surface. The anterior part of planum lat- 
eralis is pierced by a single foramen, through which the 
profundus branch of the trigeminal nerve passes to thie 
anterior region of the snout, 
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In the older stage, that of 75mm. total length, chondri- 
fication is more advanced. The nasal capsule of this 
stage consists of two curving plates of cartilages con- 
nected in the median line, forming the body of the eap- 
sule as in the earlier stage. ' 

The trabeculae, which form the floor of the chondro- 
cranium in the region of the brain as before, unite an- 
teriorly to form the septum nasi, now considerably 
broader and longer than in the earlier stage (Fig. 8). 
The cornu trabeculae, which are the anterior expansions 
of the septum nasi, are more elongate and extend ven- 
trally and somewhat posteriorly, ending in a process ven- 
tral but still in a plane with the external naris (Fig. 7). 

The part of the nasal capsule which covers the anterior 
portion of the nasal organ is now more curved in appear- 
ance. The tectum nasale reaches more posteriorly, and 
bending ventrally covers a considerable portion of the 
nasal organ (Figs. 8, 10). Anteriorly, it is continuous 
with the cupola, as in the younger stage, which forms 
the anterior covering of the nasal organ, and forms part 
of the wall of the capsule in this region (Fig. 9). The 
prominent process formed by the ventral extension of 
the cupola lateral to the narial opening curves posteri- 
orly, and although ending bluntly here, would in all 
probability unite with the small lateral process of the 
tectum nasale to form a complete oval narial fenestra 
(Fig. 9). Such a fusion has already occurred in the older 
lizard embryo described by Gaupp, and no doubt is true 
here as well. j 

The planum lateralis, which forms the lateral wall of 
the posterior part of the capsule, becomes more expanded 
than before, and bending in a median ventral direction, 
ends in a knob-like process which makes a conspicuous 
U-shaped bend closely applied to, but not connected with 
the septum nasi (Figs. 8, 9). This new plate covering 
the posterior parts of the nasal organ now forms the 
posterior wall of the nasal capsule, and following the 
terminology of authors may well be called the planum 
antorbitale. The lateral and ventral margin of this 
curved planum antorbitale is conspicuous by three deep 
indentations, thus giving it a marked serrate appear- 


| 


126 ILLINOIS STA'TE ACADEMY OF SCIENCE 


ance. These notches appear to be unrelated to any ner- 
vous structure and may simply represent regions of in- 
complete chondrification. 

Anteriorly, in a plane midway to the anterior end of 
the capsule, this planum lateralis bends abruptly ven- 
trally and forms a vertical plate, extending laterally and 
ventrally so that the cavum nasi may be said to be 
roughly divided into two regions, the anterior one related 
to the cupola and tectum nasale above described, the 
posterior covered by planum lateralis and antorbitale 
(Fig. 9). The dorsal margin of this vertical portion of 
planum lateralis continues medially into a cylindrical- 
ly shaped process, which as a small beak is inclined 
anteriorly and is superimposed upon a small enlarge- 
ment of the posterior margin of tectum nasale (Figs. 
8, 9). Thus there is formed between the two a small 
bay, continuous with the large fenestra in the roof 
of the capsule. No nervous structures were found 
to be associated with this bay. Just below this beak- 
like process, the medial part of the ventral margin 
of planum lateralis is continued by a broad cartilage 
plate into the posterior lateral angle of the tectum 
nasale forming the only cartilage support for the 
nasal organ in this region. It is pierced, however, 
by a small foramen, the homologue of a similar opening 
described in the earlier stage (Fig. 9). 

The ventral margin of this vertical plane continues 
forward into a prominent curved process which lies ven- 
trally, medially and below the plane of the ventral 
margin of the septum nasi (Fig. 7, 9). Following 
Gaupp,'who figures a similar structure in the skull of the 
lizard, this process, closely applied to the anterior sur- 
face of Jacobsen’s organ, as well as the part of it extend- 
ing into the organ, may be called the vomeronasal cap- 
sule (Fig. 11). The vomeronasal capsule arises from the 
planum lateralis by a narrow arm which widens ventrally 
and turns posteriorly midway between planum lateralis 
and the septum nasi, and becomes more elongate and 
more pronounced than in the earlier stage. From the 
ventral margin of this capsule a prominent process 
curves posteriorly and ends in the surrounding tissue 
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limiting it in this region. It is connected with the cupola 
by a cylindrically shaped rod which bends medially and 
laterally, forming an obtuse angle, and uniting with the 
ventral margin of the cupola at its junction with the 
cornu trabeculae (Figs. 7, 9). 


The ventral half of the planum lateralis, just before it 
bends to form the anterior vertical plate, is pierced by a 
long slit-like foramen which appears to be unrelated to 
any nervous structure and may represent merely an in- 
complete chondrification here (Figs. 7, 9). On the pos- 
terior median surface of this vertical plate is an S-like 
formation which has just started to form in the younger 
stage (Figs. 6,12). This structure is continuous with the 
planum lateralis. In the older stage a rod-shaped 
cartilage bar extends from the upper portion of it pos- 
teriorly at an angle of 45 degrees to the median line of 
the skull (Fig. 9). This is unquestionably a nasal con- 
cha, and is evidently homologous to that concha shown 


by Gaupp (1900) in his description of the skull of the 
lizard. 


This description of the development of the nasal cap- 
_ sule of the snake is of cotisiderable interest in itself; but 
its greater interest lies in the comparisons that exist 
between it and the other capsules of the reptilian class 
as well as capsules among the amphibia. In following 
Kunkel in his description of Emys, it appears that con- 
siderable identity of structure exists in the ethmoidal 
regions. The chondrocranium of the turtle is apparently 
more compact than that of the snake, although homolo- 
gous regions may be identified readily. Furthermore, 
it would appear that considerable similarity exists be- 
tween the capsules of certain urodeles and this capsule 
of Natrix cyclopion. To attempt to establish any basis 
of phylogenetic continuity upon such a resemblance 
would be unscientific; and yet one cannot fail to note this 
relationship. In both, the roof of the capsule is pierced 
by a large rhonmboidal fenestra which appears to be 
bounded by homologous regions. Similar capsules cap 
the anterior end of each organ, and similar internasal 
spaces separate the two. 
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The special attention of the writer is drawn to that 
portion of the capsule which forms the posterior wall. 
In the work of Higgins (1920) the term planum tectale 
is used to designate that same portion of the capsule 
which Gaupp in his diseussion of the lizard has ealled 
planum antorbitale, a term continued in use throughout 
this discussion. Regarding the use of the term antorbi- 
tale, the writer recalls the fact that in all the nasal cap- 
sules of the amphibia, where the facts are known, the 
antorbital process arises from the trabecula as a lateral 
diverticulum just posterior to the choana. Subsequently 
this structure unites with other portions of the capsule 
to form this posterior wall. In the reptiles there is no as- 
sociation between these two regions, and it would seem 
that the structure known as planum antorbitale could not 
have arisen as a normal antorbital process, and conse- 
quently the use of this term is questioned. 
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EXPLANATION OF PLATES. 

Fig. 1. Anterior view of model of nasal capsule of Natrix cyclopion, 
63 mm. X58. 

Fig. 2. Dorsal view of model of nasal capsule of Natrix cyclopion, 
63 mm. X58. 

Fig. 38. Lateral view of model of nasal capsule of Natrix cyclopion, 
63 mm. X58. 

Fig. 4. Cross section through tectum nasale of Natrix cyclopion, 
63 mm. X35. 

Fig. 5. Cross section through vomeronasal capsule of Natrix cyclo- 
pion, 63 mm. X35. 

Fig. 6. Cross section through nasal concha of Natrix cyclopion, 
63 mm. X35. 

Fig. 7. Anterior view of model of nasal capsule of Natrix cyclopion, 
75 mm. X58. 


Fig. 8. Dorsal view of model of nasal capsule of Natrix cyclopion, 
75 mm. X58. 
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Lateral view of model of nasal capsule of Natrix cyclopion, 
75 mm. X58. 


Cross section through tectum nasale of Natrix cyclopion, 
75 mm. X35. 


Cross section through vomeronasal capsule of Natrix cyclo- 
pion, 75 mm. X35. 


Cross section through nasal concha of Natrix cyclopion, 
75 mm. X35. 


Blood vessel NOR Nasal Organ 
Nasal concha PA Planum Antorbitale 
Cornu trabecula PL Planum Lateralis 
Cupola SN Septum nasi 
Gland TN Tectum Nasale 
INS Internasal space VNC Vomeronasal capsule 
NO Narial Opening VNO Vomeronasal organ 
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THE NASAL CAPSULE IN BUFO AMERICANA 


Frances GrassLey, Knox 
INTRODUCTION 


The literature up to the present time on the develop- 
ment of the chondrocranium of fishes and amphibia is 
considerable. More work, however, has been done upon 
the latter class of vertebrates, the Urodeles and the 
Anura especially. 

The first adequate account of the development of the 
skull in the Anura was given by Parker in a paper pub- 
lished in 1871. This paper, with three others published 
in 1876, 1877, and 1881, fail to give any very detailed ac- 
count of the process of chondrification. Born (1876) de- 
scribes in detail the chondrification of the skull in Triton 
cristatus, and Stéhr (1879) also describes this process in 
Triton. Terry (1906) compares the process of chondrifica- 
tion in Amblystoma with that of Triton, finding that the 
two agree closely. Gaupp (1893) gives a thorough-going 
detailed study of the skull of Rana fusca. j 

Most of the work on the developing chondrocranium _ 
of amphibia has been made on the later stages, rather 
than upon the early larvae. Considerable work has been 
done upon the earlier stages of Rana, but a less amount 
of intimate detail is available for use on the early chon- 
drification of the toad. Later stages have been described 
by Higgins (1920); but nothing is known of the early 
process of chondrification in this order. Since such 
knowledge is indispensable to a complete understanding 
of the proper system of classification, the writer ap- 
proached this study of the toad to determine if possible 
what light, if any, the study of the nasal organ would 
shed on this problem of relations drawn from previous 
workers on classifications of the Anura. 

This work has been done in the Biological department, 
Knox College, upon Bufo americana (the common toad) 
which is very abundant in this region. The material used 
for study was fixed in Bouin’s fluid, washed, dehydrated, 
sectioned, mounted, and stained with Delafields haema- 
toxylin and eosin. A model was made after the Born 
wax-plate method and then studied. Drawings of the 
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capsule have been made; also drawings of the nasal or- 
gans, showing the relation of the organs to the capsule. 

The study of the nasal capsule was undertaken upen 
the suggestion of Dr. G. M. Higgins, to whom the writer 
is indebted greatly, not only for the supervision and 
helpful suggestions of the work and the preparation of 
this paper, but also for the material used. 

In a single toad larva, 14mm. total length, which has 
formed the basis of this study, a completely chondritied 
nasal capsule has not yet developed. Several structures, 
however, are already formed so that satisfactory com- 
parisons may be made, not only with the older stages 
previously described, but with the capsules of corres- 
ponding stages of Rana. 

The cavum cranii (CC), the cavity containing the 
brain, is only partially formed, so that the nasal cavity is 
practically continuous with that of the brain. The floor 
of the brain case in its anterior part is formed by a rather 
thick cartilage plate, the planum basale (PB), which is 
continuous laterally with the lower margin of the alis- 
phenoid cartilages (ALC). 

From the median line of the planum basale, just ante- 
rior to the telencephalon, a small cylindrical process ex- 
tends dorsally (Fig. 2) a short distance, to end in the 
mesenchymatous tissue above. This is the beginning of 
the posterior wall of the nasal capsule, and is ultimately 
to separate the nasal cavity from the cavum eranii. It is 
quite evident that this process, the ethmoidal column 
(EC), is the first appearance of that structure later 
known as the pons ethmoidalis, which connects the dorsal 
margin of the alisphenoids just anterior to the brain. 

Anterior to the ethmoidal column, the planum basale 
continues into that cartilage plate which forms the Pla- 
num ethmoidalis (PE, Fig. 1). This structure, more: 
narrow along its posterior part, gradually increases in its 
lateral dimension and forms a trapezoid whose anterior 
margin exceeds the length of the posterior by one third. 
The medial and posterior portions of each nasal organ 
rest lightly upon the corresponding lateral surfaces of 
this planum (N OR, Fig. 5), but the larger part of the 
organ lies above and lateral] to it, This portion of the 
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capsule, relatively small at this stage, forms in the later 
larva the entire floor, and supports the nasal organs as 
well as the nasal glands found within the cavity. 

At the anterior end of the nasal organ the planum eth- 
moidalis bifurecates, forming the cylindrically flattened 
trabeculae (T, Figs. 1, 6), which diverge forward, point- 
ing ventrally in the mouth region. The trabeculae, al- 
though separated throughout their entire length by a 
triangular internasal space, are joined distally by a car- 
tilaginous plate, the pons trabeculae (PT, Fig. 1). At 
the region of the junction of the pons, each trabecula 
curves ventrally for a short distance, and then by a broad 
curve forms a prominent corna trabeculae (CT, Fig. 6), 
which ends in a small posteriorly directed process closely 
applied to the pterygoid cartilage of the upper jaw. Con- 
trary to the usual position of the cornu trabeculae of the 
Urodeles, each cornu of the toad is directed ventrally 
and posteriorly instead of laterally, although the general 
shape of these structures is quite identical in thege 
groups. A further contrast is to be noted in the relation 
of the nasal organs to the cornua. In the Urodeles the ° 
external naris is terminal and the anterior portion of the 
nasal organ lies directly upon the cornu trabeculae which 
thus supports it. In the toad, on the other hand, the 
narial aperture is more dorsal and considerably back 
from these anterior parts of the capsule, so that here 
there is no intimate association between the nasal sac 
and the cornu. Later, however, it is probably true that 
as development ensues, each cornu forms an integral 
part of the capsule, and as the nasal organ assumes 
greater proportions comes to rest upon it. 

Although not definitely a part of the nasal capsule, 
yet rather intimately connected with it in the earlier 
larval stages is a prominent curved plate of cartilage 
connected with the anterior margin of the planum basale 
at its junction with the alisphenoid cartilage. This is the 
muscularis process of the quadrate (MPQ, Figs. 1, 6) 
which in the earlier stages is attached to the anterior 
portion of the chondrocranium, but later migrates pos- 
teriorly and at metamorphosis takes its position in rela- 
tion to the suspension of the jaws. This structure is 
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strikingly U-shaped in section (Figs. 7, 8), the other limb 
being entirely free from the inner except at the anterior 
margin where both limbs are joined dorsally by a small 
bar of cartilage. This small cartilage is absent from the 
skull of Rana, where the limbs of this muscularis process 
are entirely free from each other except ventrally, where 
even as in this stage of Bufo they are joined to continue 
forward to a prominent pterygoid process. The anterior 
margin of the inner limb of the musculars process bears a 
prominent round structure which, although lacking any 
reference to the nasal organ as such, is known as the 
quadrato-ethmoidalis process, and corresponds with a 
similar region in the frog (QEP, Fig. 6). 

Continuing forward from the anterior ventral surface 
of the muscularis of the quadrate is a broad band of ear- 
tilage, the pterygoid process (PP, Fig. 6). Each ptery- 
goid continues forward to the position of the mouth and 
joins its mate at a point considerably posterior to the 
pons trabeculae, above described, and in a manner similar 
to it, thus forming the pons pterygoidii (PPT, Figs. 2, 3). 
In its posterior part each pterygoid is conspicuously 
. broad; approximately flat‘on its upper surface, but pos- 
sessed of a conspicuous keel on its lower. Just anterior 
to this broad portion each pterygoid bends abruptly 
toward the median line and expands into a prominent 
vertical plate which extends dorsally to a point just be- 
low the vertical margin of the trabecula. This portion 
of the pterygoid (Figs. 3, 6) is conspicuously concave on 
its external surface, and lies just within the expanded 
cornu trabeculae, the inner surface of which is markedly 
convex, so that there comes to be formed a conspicuous 
oval fenestra between these portions of the capsule. 
Thus it is evident that the anterior portion of the capsule, 
consisting of trabeculae, pons and cornua, form a hood- 
like structure which fits over the anterior portions of the 
pterygoids and the pons, uniting them (Fig. 3). 

As we contrast this nasal capsule, just described, with 
that of the older toad at the time of metamorphosis, it is 
quite easy to recognize the changes that have taken place 
in the transformation. These changes concern only those 
portions definitely related to the nasal organ, and thus 
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involve planum basale, ethmoidal column, planum ethmoi- 
dalis, the trabeculae and the cornua. 

In the adult the nasal organs are entirely separate | 
from each other as well as from cavum cranii by thick 
cartilage walls, pierced only by foramina for the olfac- 
tory nerves. Contrasting the two capsules, it is easy to 
see that the median vertical plate, the planum verticale, 
which separates the two nasal organs is but an anterior- 
dorsal chondrification of the ethmoidal column along the 
median line of the planum ethmoidalis. At the same time 
it is evident further that the posterior wall of the nasal 
capsule, separating the cavum nasi from the cavum 
‘eranii, has arisen by a chondrification dorsally of the 
planum basale, coupled with certain contributions from 
the alisphenoids, in the transverse plane of the ethmoidal 
column. In my single stage, although not mentioned in 
the section describing the capsule, the olfactory nerve 
passes anteriorly from the telencephalon through the 
wide notch between the ethmoidal column and the alis- 
phenoid cartilage (Fig. 8, OLF). Later, as chondrifica- 
tion advances, cartilage layers form around this nerve, 
so that in the adult the olfactory nerves are found to 
pierce this posterior wall of the capsule, passing thence 
to the various parts of the nasal organ. 

The floor of the nasal capsule of the older toad is 
considerably larger than the planum ethmoidalis of this 
stage, and it would appear that it has been formed by a 
further fusion of the trabeculae forward to the region of 
the cornua. No trabeculae as such are identified in the 
older stage, and it follows that they have lost their iden- 
tity in the formation of the complex anterior part of the 
older capsule. The floor is wider than before so that a 
large portion of the nasal organ now rests upon it, giving 
it support, as well as additional protection. Anteriorly 
the cornua trabeculae persist even into the adult stage, 
where they take a more lateral direction and form what 
are known as the alinasal cartilages which support the 
anterior part of the nasal organ and form the floor of the 
external naris. 

There remains for consideration the roof of the older 
stage, and if we may accept the evidence of such types 
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as Hyla, the tree toad and the earlier stages of Rana, as 
described by Gaupp, a conclusion entirely warranted, it 
would appear that the roof of the capsule is but a lateral 
chondrification of the dorsal margin of the planum ver- 
ticale. So the entire roof of the capsule, as well as the 
planum verticale, above described, is but a further chron- 
drification of the single median ethmoidal column of the 
earlier larval stage, together with certain additions from 
the planum ethmoidalis. 

The foregoing comparison shows that there is a defi- 
nite relationship between the younger and the later 
stages. It was found that the two trabeculae, separated 
by the internasal space in the younger embryo, were 
united, later forming the floor of the capsule in the older 
one. The planum basale, here as well as in the earlier 
stage, forms the floor of the cavum cranii; also the cornua 
remain, but have assumed a different position. 

It follows that the nasal capsule of the younger toad is 
but a further development of those structures appearing 
in my earlier larva. Development is a continuous pro- 
cess, and in the final result a more specialized but reduced 
capsule is attained. 

According to the zoological classification of Amphibia, 
this class is divided into four orders: Anura, Urodela, 
Gymnophiona, and Stegocephala. This paper is con- 
cerned only with that class Anura and its subdivisions, 
and upon the evidence of the nasal capsule it would ap- 
pear that the existing order of Amphibian classification 
is entirely supported by this investigation. 


EXPLANATION OF PLATE. 


Anterior view of model of nasal capsule of Bufo americana, 
14 mm. total length. x54. 
Posterior view of same model. 
Ventral view of same model. 
Dorsal view of same model. 
Transverse section through posterior part of nasal capsule. 
Lateral view of model of Fig. 1. 
Fig. Transverse section through planum basale and muscularis 
process of the quadrate. 
Fig. 8. Transverse section through planum basale and olfactory nerve. 
ALC Alisphenoid cartilage PE Planum ethmoidalis 
CC Cavum cranii PB Planum basale 
CT Cornu trabeculae PP Pterygoid process 
EC Ethmoidal column PPT Pons pterygoidei 
MPQ Muscularis process of the PT Pons trabeculae 
quadrate QEP Quadrato-ethmoidalis process 
NOR Nasal organ T Trabecula 
OLF Olfactory nerve 
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SOME OF THE FACTORS INFLUENCING THE 
DISTRIBUTION OF ANIMAL PARASITES* 


H. J. Van Cueave, University or 


Many things influence the geographical distribution of 
parasitic animals. In the past, it has been a common 
fallacy to assume that the geographical distribution of 
a parasite is coincident with the range of its host. This 
idea fitted well with the belief in host specificity, but re- 
cently there have been numerous demonstrations that 
many animal parasites are capable of utilizing various 
species as hosts. Furthermore, parasites common in a 
species of one locality may be entirely wanting in indi- 
viduals of the same species in other parts of its range. 

Especially in those forms which involve an alterna- 
tion of hosts in the course of their development, do we 
find circumstances which stand as limiting factors to the 
distribution of parasites. Through the operation of 
these limtiting factors the indefinite spread of some par- 
asitic species is prohibited. In some instances species 
artificially introduced into new territory are prevented 
from becoming established there through the operation 
of the same agencies, even though organisms suitable 
as hosts may be available. In the following paragraphs, 
some of these limiting factors are discussed, though no 
attempt has been made to give an exhaustive classifica- 
tion or treatment. 


FACTORS OF THE PHYSICAL ENVIRONMENT 


There are some organisms which pass their entire, cx- 
istence as parasites within other organisms. In some 
such instances, the eggs or larvae never leave the body 
of the host individual which shelters the mature parasite. 
Obviously, under these circumstances, conditions of the 
environment outside the body of the host could have no 
influence upon the parasite and its chances for develop- 
ment. More frequently, however, animal parasites pass 
through one or more stages when the parasitic organism 
is liberated from the body of the host. This period of 


* Contributions from the Zoological Laboratory of the University of 
Illinois No. 230. 
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free existence is frequently during the egg or larval 
stages of the parasite, but in the hair-snakes (Gordiacea) 
the mature worms are free-living and produce their eggs 
while living free in the water. An environment lacking 
water offers obstacles to the development of the Gor- 
diacea, for the worms leave the bodies of their insect 
hosts when the insects fall into water. 

The hookworm of man (Necator), which causes such 
heavy economic losses to the region of infestation in the 
South, offers no problems in our latitude. Even hook- 
worm sufferers introduced here could not become sources 
of serious infestation to others because of limiting fac- 
tors which are operative. The eggs leave the body of the 
host along with fecal matter and live for some time in 
the polluted soil. In this free stage the larvae are unable 
to withstand freezing temperatures, so in this latitude 
persons could not be exposed continuously to sources of 
infestation such as exist in the South. Furthermore, im- 
proved sanitary conditions do not permit contamination 
of the soil where human beings would come into contact 
with the infecting larvae. 

Many trematodes, which produce diseases in man and 
in other animals, are restricted-in their distribution 


* to regions where suitable larval hosts occur. Since moll- 


uses are the usual larval hosts of trematodes and since 
most of the molluscs are aquatic, presence of waterbodies 
is favorable toward trematode occurrence, while lack of 
water minimizes the possibilities of trematode infesta- 
tions. 

Many other animal parasites are so affected by condi- 
tions external to their hosts that they are excluded from 
certain areas wherein physical conditions suitable for 
their development are lacking. 


ABSENCE OF ESSENTIAL LARVAL HOSTS 


When a parasite which involves an alternation of hosts 
in its eyele of development invades new territory which 
is not oceupied by one of its hosts, it fails to become es- 
tablished in the fauna of that region unless it is able to 
acquire as a host some other form of life represented in 
the local fauna. Both malaria and yellow fever are pro- 
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tozoan diseases which are transferred from man to man 
through the sole agency of certain species of mosquitoes, 
Absence of these essential carriers of the disease pro- 
ducing organisms precludes the possibility of either dis- 
ease becoming established in any locality. Thus migra- 
tion of a malarial patient into new territory would not 
extend the range of malaria unless suitable species of 
mosquitoes were present. 


In these facts may be found an explanation of the con- 
dition wherein a host species is free from a given species 
of animal parasite in part of its range though the species 
may be a normal host of the parasite. In some instances, 
however, a parasite has been known to utilize several 
hosts and thereby in its range exceeds the range of dis- 
tribution of any one species among its hosts. 


DIFFERENCES IN HABITS OF THE HOST 


Differences in habits, and especially in food habits, go 
far toward explaining why some individuals of a given 
species are infected by certain internal parasites while 
others of the same species are relatively or entirely free 
from infestation. Individuals of the same species may 
show marked differences in food preferences. This is 
just as true of other animals as it is of man. In the hu- 
man species tapeworms of a given species are acquired 
only through eating raw or rare beef. Obviously a strict 
vegetarian could not acquire such a tapeworm. In like 
manner trichinous infestation is a consequence of eating 
pork infested with the larvae, so as a race orthodox Jews 
are exempt from this parasite. 


In many animals the young are more heavily parasi- 
tized than are the adults and in some instances the para- 
sites characteristic of the parasitic fauna of the young 
are lost in later life. This is usually correlated with 
changes in food habits though in some cases it seems 
probable that active immunity is acquired by the older 
organisms. The omnivorous, non-sanitary habits of 
children in part help to explain their susceptibility to 
parasitic infestations. 
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ISOLATION 


Among non-migratory animals, spread of parasitic in- 
festations may be prevented by a natural quarantine re- 
sulting from isolation. Lack of communication between 
groups of individuals in different localities may be a fac- 
tor helping to explain why individuals in one locality may 
be heavily and generally infested by certain parasites 
while those in another region are exempt. 


CONCLUSION 


In view of the numerous limiting factors, only part of 
which have been touched upon here, it becomes evident 
that there are many obstacles to the attainment of cos- 
mopolitan distribution by any parasite involving two or 
more essential hosts. These limiting factors on the one 
side determine that a parasite may not extend its range 
to the full range of its normal host and on the other hand 
permit some forms to exceed the range of any one host 
species through utilization of several host species. Man, 
who has extended his distribution over much of the sur- 
face of the globe, is subject to attack by numerous 
different species of endoparasitic animals, but many of 


. these are limited to rather sharply defined areas, while 


in other instances he shares them with the animals of 
the native fauna. 

Among the Acanthocephala or thorny-headed worms, 
there is a genus, Moniliformis, which presents unique 
conditions favoring cosmopolitan distribution. Mem- 
bers of this genus live as adults chiefly in rodents. The 
rat is one of the commonest hosts. Embryos, covered by 
highly resistant shells, are deposited by the worms but 
never leave the confining membranes until they are 
swallowed by a suitable host.- Insects, of which the cock- 
roach seems to be one of the most important, serve the 
larvae as hosts. Thus, with rats as common adult hosts 
and cockroaches as larval hosts, these parasites have 
both of the essential stages in their development provided 
for by practically cosmopolitan hosts, and have been dis- 
tributed to practically every quarter of the globe. 


) 
! ‘ 
t 
h 
8 a 
T 
f 
0 

| 


140 


ILLINOIS STATE ACADEMY OF SCIENCE 


THE SHIFTING OF THE MAMMALIAN FAUNAS, 
AS SHOWN BY THE PLEISTOCENE REMAINS 
OF ILLINOIS* 


L. A. Apams, University or ILLtNnots 


A study of the fauna of any region, extending over a 
short period of time, will show certain changes in the ani- 
mal population that are due entirely to natural causes; 
since conditions change, food animals become reduced in 
numbers through drouths or extended winters, and the 
correlated animals must move and re-adjust their num- 
bers. Many of these shifts in the population appear to 
be without cause and are due simply to the wandering 
spirit, while others are correlated closely with actual 
changes in conditions. A study of a region for a long 
period of time will show marked changes and a great re- 
duction or a complete dropping of the large groups. 
Sometimes descendants are left in the original home; 
sometimes survivors are to be found in regions far dis- 
tant from the original home; sometimes entire groups 
disappear and leave no traces behind them but their 
bones in the rocks. ; 

When man enters a region, rapid ehanges are likely. 
to take place in a very short time. He first hunts and 
traps until certain animals are reduced or exterminated. 
The hunter is followed by the rancher who fences large 
areas, or leaves it open and grazes it, and as a conse- 
quence eliminates certain types of the fauna. The next 
man to follow is the farmer or agriculturist who fences 
and cultivates the land, cuts off the forests, drains 
the lakes and swamps, and changes the water courses. 
As cities grow up, the water courses are contaminated 
with their waste until they cannot support life, and an- 
other portion of the fauna disappears. A survey of IIli- 
nois for the last hundred years will show just such a 
shift, with the larger animals and many of the smaller 
ones driven out or reduced by the activities of man. The 
bison, deer, bear, beaver, and even the wolves have left 
us, although the wolf will remain longer than almost any 
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other medium sized animal. On the western plains the 
coyote breeds and raises a family almost within the lim- 
its of towns of fifteen thousand. Smaller forms, such as 
mink, muskrats, and foxes, now find few localities where 
they can live in anything like their natural conditions. 


A study of the life of a longer period will show changes 
in which man has had no part and has been no factor. 
It is of this period that this paper gives a sketch. If we 
go back into Tertiary times we find the Americas popu- 
lated with a strange assemblage, a small part of which 
foreshadows the life of the present day. Ancestral 
horses, camels, the rhinoceroses, tapirs, and many other 
interesting forms were working out their evolution in 
different parts of the country. The horse went through 
his evolution from the five to the one toe, sending 
migrants to Europe at some stage of his development, 
which was a fortunate thing for us, since our magnificent 
horse fauna died out long before America was discovered 
by Columbus, and we have been forced to replenish our 
horses from those same European migrants of an earlier 
day. It is difficult to imagine the reason for the extine- 
tion of this horse group, for they lived here in abundance 
and in many forms that were suited to live under many 
different conditions. It has been suggested that we place 
the blame for their extermination on some of the proto- 
zoan parasites that continue their work even to the pres- 
ent day. The American horses were of all sizes and 
types. Forms as large as the draft horses of the present 
day, and ponies of many types were scattered over the 
plains of the latter part of the Tertiary. 


The camels, a pure American product, also went 
through their evolution on the plains of the middle west 
and western America. They adjusted their bones to the 
running adaptation with joined metacarpals to form the 
cannon bone. A large fauna, varying from delicate deer- 
like types to the great giraffe camel of a later day, scat- 
tered their bones in profusion over the land in which they 
lived. The camels of the present day are the end form 
of this great population. A migration to Europe is rep- 
resented by the camels now found in the east, while a 
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southern migration is represented by sass llamas and 
guanacos of South America. 

The rhinoceros came into existence in America and 
developed into many interesting types here, such as the 
short legged Teleoceras, the large Metamynodon, the 
horselike, running Hyracodon and the commoner Caeno- 
pus. Migrants from this primitive stock gave Europe 
and the adjoining continents the present day rhinoceros, 
found now only in southern Asia and Africa. All that 
we have left are the large masses of bones to be found in 
the fossil fields of the west. This exchange of animals 
with the other side was by no means a one sided affair, 
for we received in return some of our most picturesque 
types, such as the bear, elephant, moose, elk, caribou, 
deer, musk ox, mountain sheep and mountain goat. 

Woods (1910) in a paper published by the Natural 
History Survey says that an elk was killed in the state 
about 1830 and that the bisons were common about 1800. 
A deer was seen near Homer about 1880. These are the 
last of the large mammals to remain wild in the state. 

If we drop back to Pleistocene times, we shall find a 
very different fauna living in this state and region. The 
animals of this period are the ones to be considered in 
this sketch of the old fauna. The following paragraphs 
will take up some of the mammals that have lived in or 
near to this region. Probably all of them could be counted 
as ancient residents. 

The Edentates were represented by three large forms, 
all migrants from the old stock of South America. Meg- 
alonyx was to be found from coast to coast, Mylodon was 
very generally distributed, while the southern species 
just reached the borders of the state. The only related 
form now living in the United States is the armadillo 
of Texas. 

No camel has been reported from this region, as they 
were to be found in the west. 

The Bovidae were numerous and some forms continued 
down to comparatively recent date. The bisons left the 
state about 1800. In time prior to this two other bisons 
were to be found here, Bison latifrons and Bison anti- 
quus. These last two were from an older stock that was 
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replaced by the modern bison. Two musk ox are re- 
corded from the state, a very old one, Symbos cavifrons, 
and the modern Ovibos moschatus that probably followed 
the ice from his northern home. 

A peccary was fairly common here in the form of Plat- 
ogonus compressus. His relative, the peccary of the 
south, now lives in parts of Texas and south of the Rio 
Grande. 

The tapir was of an old type, Tapirus haysii. The 
tapir fauna of the present day is to be found only in Cen- 
tral and South America and in Southern Asia. 

Of the large horse group only two have been found in 
this region, Equus complicatus and Equus fraternus. 
They died out with the rest of the ee and left their 
bones in the state. 

The elephants, of African origin, came over early in 
the Tertiary and scattered over the Americas. Three of 
this magnificent group lived in this region, Elephas prim- 
igenius or the mammoth, Elephas columbi, a much larger 
type, and the swamp loving Mastodon of the wet, wooded 
regions, Mastodon americanus. At the present time the 
elephant is to be found only in Africa and Asia. 

All of the larger members of the deer group were to 
be found in this region, the elk, moose, the caribou, and 
the smaller Odocoileus virginianus. Although all of 
these forms are still to be found, they are far removed 
from this central region. 

The bear left sometime before 1800, and has been 
driven gradually to more uncivilized parts where he is 
not in such close contact with man. 

One very interesting mammal, Castoroides, a large 
beaver-like animal, lived here as the original deforesting 
agent. As large as a small black bear in size, his on- 
slaught on the trees must have been terrific. If the 
modern beaver can cut a cottonwood four feet in diame- 
ter, what must have been the size of the trees that this 
fellow would cut? This form was quite widely scattered 
over the country. 

This picture of the shifting of the faunas delights the 
students of geographical distribution and enlivens the 
labors of the palaeontologist and the student of compar- 
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ative anatomy, but unfortunately, such movements will 
never occur again, for the larger mammals are located 
probably where they are to meet their doom, for those 
unprotected by man are on their way to extinction. The 
highest mammal, man, now covers the face of the earth 
and any other mammal must give way to make more 
room for him. It is pitiful to see the last stand of the 
buffalo on his protected ranges where man keeps a rigid 
watch over him to protect him from other men. The free 
running antelope finds himself running between great 
stretches of barbed wire, where once nothing but the 
horizon bounded his domain. The elk must depend upon 
the bounty of man for his winter food, since his winter 
ranges with their supply of hay have been utilized by the 
rancher for his herds. The African game is going the 
way of the buffalo in America. The enormous herds of 
roving mammals have been thinned to the danger point, 
and will disappear shortly unless they are protected in 
certain restricted and suitable ranges, where they can 
be kept for the future generations to see and enjoy. 
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TESTING LAMARCK’S THEORY 


Casper L. Reprietp, Curcaco, Iu. 


The first clear and distinct theory of evolution was ad- 
vanced by the French scientist, Jean Baptiste de La- 
marck. With the exception of that of Darwin, the theory 
of Lamarck has been discussed more than any other, and 
it is the least understood of any theory which has been 
discussed at all. Considering the vast literature and al- 
most total lack of understanding, Lamarck’s theory pre- 


sents what is perhaps the most remarkable case in the 
history of science. 


The causes leading to the misunderstanding of this 
theory would fill a book, so we will confine ourselves here 
to explaining what the misunderstanding is rather than 
the causes which led to it. To make the matter clear it 


will be necessary not dnly to state what the theory is, but 
to point out what it is not. 


Lamarck’s theory is stated in his Zoological Philoso- 
phy published in 1809, when Lamarck wads sixty-five 
years of age. A partial translation of this work was 
made by A. S. Packard and published in 1901. A com- 
plete translation was made later by Hugh Elliot and was 
published in 1914. It is to these translations we must go 
for an understanding of the theory. At this point it may 
be noted that neither translator clearly understood the 
theory he was translating. In their comments, both 
translators make statements which are contradicted by 
the texts which they translated. When the translators 
themselves misconstrue what they translate, it is not sur- 
prising that others should do the same. 


About thirty years ago many cases of supposed in- 
heritance of mutilations were advanced as evidence of 
the truth of Lamarck’s theory. This was attacked suc- 
cessfully by August Weismann, who cut off the tails of 
mice for many generations in succession and found that 
tails grew just the same as before. This was looked 
upon as a full refutation of Lamarck’s theory, and a 
great many persons so consider it at the present time. 
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It happens that Lamarck discussed mutilations under 
the term of ‘‘accidental defects’’, and he states that they 
are not inherited. He says:—‘‘Hence it is that in man, 
who is exposed to so great a diversity of environment, 
the accidental qualities or defects which he acquires are 
not preserved and propagated by reproduction.’’ (Pac- 
kard’s translation, pages 246, 319; Elliot’s translation, 
page 124.) 


Here we see that the long and acrimonious dispute over 
the supposed inheritance of mutilations was based on a 
misunderstanding which orginated no one knows where, 
and which had no bearing on Lamarck’s theory. As we 
shall see later, the idea that mutilations might be inherit- 
ed is entirely foreign to the theory and had no excuse for 
existence. 


Darwin advanced the theory that by selecting varia- 
tions, changes might be brought about which would result 
in the production of new species. He did not explain 
the origin of variations but said that with variations in 
existence, selection would accomplish wonderful results. 
The often repeated statement that selection does so-and- 
so has come to mean, even among biologists, that selec- ’ 
tion is the real and actual cause. They forget that the+ 
variation must come into existence before it can be select- 
ed, and that the cause of the variation must be something 
other than the subsequent selection. 


The same kind of confusion of ideas has come into the 
popular consideration of Lamarck’s theory in regard to 
environment. The idea that the environment may cause 
modifications has been popular since before Lamarck’s 
time, and is so now. Even the biologists of the present 
time subject guinea-pigs, rats, mice, rabbits, etc. to en- 
vironmental actions in efforts to produce heritable modi- 
fications. Among the things done has been subjecting 
animals to prolonged applications of alcohol, to X-rays, 
to radium emanations, to injection of the juice of eye 
lens, to rotation in cages, and so on. 


Lamarck had a great deal to say about the environ- 
ment, but he did not claim that the environment caused 
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change any more than Darwin claimed that his selection 
produced the things selected. Lamarck said that animals 
lived in the environment, and that the environment direc- 
ted thé actions of the animal, but that it did nothing of 


itself to produce a change. To make his meaning clear, 
Lamarck said: 


‘*Here it becomes necessary for me to explain the 
meaning I attach to the expression circumstances in- 
fluencing the form and structure of animals—namely, 
that in becoming very different they change, with time, 
both their form and organization by proportionate 
modifications. Assuredly, if these expressions should 
be taken literally, I should be accused of an error; for 
whatever may be the circumstances they do not 
directly cause any modifications in the form and struc- 
ture of animals.’’ (Packard’s translation, page 294; 
Elliot’s translation, page 107.) 


Here we have a clear statement which shows that La- 
marck was not an environmentalist, and the other parts 
of his writings bear out that statement. It is not what 
is done to the animal by the environment, but, as we shall 
see, it is what the animal does of itself to itself, which 


* counts. The environment is that which is outside of and 


surrounds the animal. What the animal does represents 
something occurring within the protoplasm of the cells 
which compose the animal. It is a misconception to re- 
fer to the action of an animal as being in the same class 
of things as the environment. The two things stand in 
contradistinction to each other. 


Lamarck was a contemporary with the later life of 
Linnaeus, and was one of the pioneers in the classifica- 
tion of plants and animals. In fact, he was the origin- 
ator of a considerable part of the classification as it now 
exists. After he had spent twenty-five years as a bot- 
anist, largely in classifying the largest botanical collec- 
tions then existing, he was placed in charge of the larg- 
est zoological collection in the world. Here he spent 
more years in classification, and among other things he 
was the first to distinguish vertebrate from invertebrate 
animals by the presence of the vertebral column. ‘‘The 
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problem of taxonomy has never been put more philosoph- 
ically than put by him.’’ 


In doing this work, Lamarck became impressed with 
the fact that the classification of species and genera was 
artificial. He, and not a Creator, was determining what 
constituted species and genera, and what were their 
limits. He was impressed also with the fact that the 
distinctions between one species and another were trivial 
in the extreme, and that intergrades frequently obliter- 
ated those distinctions. For the purpose of making this 
matter clear, and for laying a foundation for his new 
theory, he devotes the first chapter of his book to ‘‘ Arti- 
ficial Devices in Dealing with the Productions of Na- 
ture.’’ After referring to the ‘‘artificial aids’’ of clas- 
sification, which he says are necessary in dealing with 
such masses of material, he goes on to say: 


‘*Nature has made nothing of this kind: and instead 
of deceiving ourselves into confusing our works with 
hers, we should recognize that classes, orders, fam- 
ilies, genera and nomenclatures are weapons of our 
own invention. * * * We may rest assured that among 
her productions nature has not really formed either’ 
classes, orders, families, genera or constant species, » 
but only individuals which succeed one another and 
resemble those from which they sprung.’’ 


From his consideration of these things he got a new 
idea. That idea was that the ‘‘order of nature’’ was 
determined by what animals did, and not by what they 
looked like. He knew that species were not real things 
in nature, and that animals changed. From what he ob- 
served he could see that certain changes were brought 
about by the manner in which animals lived and acted, 
and not by reason of the existence of any particular en- 
vironment. Hence, he conceived the idea that animals 
evolved by the inside forces developed within them by 
their own actions and efforts, and not by the outside 
forces of the environment. His theory is condensed into 
two laws, as follows: 
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FIRST LAW 


‘In every animal which has not passed the limit of 
its development, the more frequent and continuous 
use of any organ gradually strengthens, develops and 
enlarges that organ, and gives it a power proportional 
to the length of time it has been so used; while the 
continuous disuse of any organ imperceptably weakens 
and deteriorates it, and progressively diminishes its 
functional capacity.’’ 


SECOND LAW 


‘*All of the acquisitions and losses wrought in indi- 
viduals by the predominant use or permanent disuse of 
any organ are preserved by reproduction in the new 
individuals which descend from those which have ac- 
quired the modifications.’’ 


(Packard’s translation, page 303; Elliott’s transla- 
tion, page 113. The above statement of these laws is 
a composite of the two translations, and is simplified 
by the omission of parenthetical matter.) 


It is not enough to glance at these two laws, and then 
pass on to something ‘else. They should be examined 
carefully and critically to see what they mean. They 
should be examined as a lawyer examines the wording of 
a contract. The failure to give them such careful con- 
sideration is undoubtedly the primary cause of the wide 
spread misinformation as to what Lamarck’s theory is. 


We all know that exercising any organ, as a muscle, 
increases the power of that organ, but Lamarck refers to 
‘frequent and continuous’’ exercise, and says that the 
acquired development in the individual is ‘‘ proportional 
to the length of time’’ that the organ is exercised. The 
‘frequent and continuous’’ exercise means continued 
activity of some kind, and the ‘‘length of time’’ neces- 
sarily involves the age of the animal, if we are to make 
any measurements of what the acquirements are. That 
any test of Lamarck’s theory necessarily involves deter- 
mining the degree of activity of the animal, and its age 
at the time of reproducing, is evident from the second 
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law which says that ‘‘all of the acquisitions and losses’’ 
are preserved by reproduction on the part of those indi- 
viduals which have gained by exercise or lost by idleness. 


Lamarck says that this development of powers by 
exercise occurs in ‘‘every animal which has not passed 
the limit of its development,’’ but he does not state 
where that limit is. He simply.assumes that it continues 
for some time but furnishes no evidence as to how long 
that time is. However, I have furnished that evidence in 
my ‘‘Human Heredity,’’ in my article in Volume XIII, 
page 59, of the Transactions of the Illinois State Acad- 
emy of Science (1920), and in numerous other contri- 
butions. Under continuous exercise, powers continue to 
develop up to practically the end of life; and under lack 
of exercise, powers continue to degenerate as long as the 
lack of exercise continues. While the observed gains and 
losses are irregular, there is much evidence to indicate 
that the real gains are directly proportional to the de- 
gree of activity above the normal, and the length of time 
that excess activity continues. Also. that the losses are 
directly proportional to the deficiency of activity and the 
length of time that deficiency is continued. 


This theory is known as the theory of the inheritance 
of acquired characters, or, as I usually term it, the in- 
heritance of acquirements. Power in the organs of an 
individual is a character which existed before, but the in- 
crease of the amount of such power is an acquirement. 
To be technical, 'the verb to acquire means to obtain 
something by effort, exertion or the performance of work 
on the part of the individual which makes the acquire- 
ment. In amputating the tails of mice, the acquirement 
is in the muscles of the amputator, and not in the tail- 
lessness of the mice. Taillessness means the loss of some- 
thing, and the verb to acquire does not mean to lose. 


The American trotter is the product of the nineteenth 
century and represents what is probably the most re- 
markable example of the rapid development of powers in 
any animal. A hundred years ago the highest trotting 
speed was a mile in three minutes. Now the extreme 
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speed is better than a mile in two minutes. This im- 
provement in trotting power has been nearly but not 
quite uniform during the intervening years. It will not 
do to say that this improvement is due to improved 
tracks, sulkies and training. The trotting breed started 
in crosses of the thorobred on American farm mares, and 
the product of such crosses at the present time are value- 
less for the production of fast trotters. It has been 
more than fifty years since there was any advantage in 
using the thorobred in trotting stock. 


The gain in trotting power in the trotting horse is a 
development of the particular thing to which Lamarck’s 
theory is directed, and it is a challenge to that theory. 
The development of the individual trotter by training is 
in exact accordance with Lamarck’s first law, and race 
track records show that there is a continued development 
of power under continued training, up to near the end 
of life. The race records of the nineteenth century show 
that each generation of trotters in succession, in certain 
lines, inherited more trotting power than their parents 
inherited. Did that gain in inherited power come in ac- 
cordance with Lamarck’s second law, or in some other 
way? That is a question of fact to be determined by 
examining the records, and for the purpose of showing 
the process of testing Lamarck’s theory there is provided 
a pedigree of the first horse to trot a mile in two minutes 
and ten seconds. 


The first time a horse ever trotted a mile in two min- 
utes and thirty seconds was in 1845, and that horse is not 
in this pedigree. By examining the dates when the great- 
grandparents of Jay-Eye-See were born, it will be seen 
that they came from ancestors, no one of which was cap- 
able of trotting a mile in 2:30. The pedigree therefore 
covers all of the animals involved in a very considerable 
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increase in inherited power. The trotting power which 
had no previous existence in the breed had its origin 
somewhere among these animals. It could not come from 
the environment because trotting power is something 
which does not exist in the environment. 


Abdallah 
(26] Born 1823 
Hambletonian..... 
Born 1849 6) Born 1883 
rn 
Kent Mare 
Dictator. 
‘American Star 
11) Born 1837 
Born 1848 
Born 1831 
{17} McKinstry Mare 
(15) 
Jay-Eye-See.... 
Born 1878 
(13] Canadian Pilot 
(18] Born 1826 
orn 
(21) [19] 
ae 
_ {7] Lexington 
{8] Born 1850 
Born 1858 
Daylight 


Pedigree of the First 2.10 Trotter. 


The figures in brackets between parents and off- 
spring are Lamarck’s factor of ‘‘length of time’’. Thus, 
there are 15 years between the birth of Dictator and the 
birth of his son Jay-Eye-See. These figures mean 
nothing of themselves, but we begin to see a significance 
when we compare them with the average age of parents 
in normal breeding, which is 10.4 years for sires and 
about 8.5 years for dams. As sires less than 7 years of 
age are as common in normal breeding as are sires more 
than 14, it will be seen that for the parents in all of the 
generations in this pedigree, Lamarck’s factor for 
‘length of time”’ is high. 

There is a life history of nearly all of the animals in 
this pedigree, and from this history we can determine, 
approximately, Lamarck’s factor of activity, and hence 
can determine whether there was a gain in the parents by 
‘*frequent and continuous’’ exercise before reproduction, 
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or a loss from ‘‘continuous disuse’’. Thus, Dictator 
‘‘was driven a good deal’? when young, and ‘‘was 
worked considerably at Mr. Durkee’s farm’’ up to the 
year before Jay-Eye-See was conceived. After that he 
was used for breeding purposes solely, and not worked. 
Very much the same story is told for the other animals in 
the pedigree, all of which show that in each pair at the 
time of reproduction there was a considerable excess de- 
velopment coming from ‘‘frequent and continuous”’ ex- 
ercise for an unusual ‘‘length of time’’. 

We will not go into the details of these histories be- 
cause of the lack of space, and because it would be weari- 
some, but there is one matter which throws a flood of 
light upon the case. Dictator was not only the sire of the 
champion Jay-Eye-See, but he was full brother of Dexter, 
one of the most famous of all champion trotters. The 
reader will conclude naturally that Dictator was of choice 
selected stock and that the improvement came through se- 
lection, but there is a damper on that idea. Both Dexter 
and Jay-Eye-See were geldings. The fact that Dexter 
was sterilized shows that the breeders did not consider 
the Hambletonian-Clara combination as valuable at the 
time he was born, and the fact that Jay-Eye-See was 
sterilized shows that they did not consider the Dictator- 
Midnight combination valuable when Jay-Eye-See was 
born. Of the sires in this pedigree, Hambletonian is the 
only one used much for breeding purposes before the age 
at which he here appears, and he had harness work all 
his life. Daylight first went to the breeding ranks at the 
age of six, Midnight first went there at the age of eight, 
Clara first went there at ten, the Kent Mare first went 
there at the age of fifteen, and the McKinstry Mare was a 
famous road mare for many years before Clara was born. 
On this point there is no available record for the other 
two mares. Carefully selected brood mares usually go 
into the breeding ranks at about three years of age, and 
those which do not go early have to work for a living. 

It has been said that my work on the trotters and other _ 
animals is nothing but statistics, but that is not true. g 
Applying the Lamarckian factors of activity and age to 
the progenitors, one at a time, in the pedigree of Jay-Eye 
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See for the purpose of testing the application of La- 
marck’s theory to the known improvement, is not statis- 
ties. Neither does that kind of work become statistics 
when it is applied to the different animals individually in 
a second pedigree, or to the animals in a thousand pedi- 
grees. Statistics have been used in this work, but the 
demonstration of the accuracy of Lamarck’s laws does 
not come from statistics. Neither does it come from the 
detailed examination of a case like that of Jay-Eye-See. 
And it does not come from finding a large number of 
cases of the same kind. It comes from a series of things. 

1. The fact that gain in inherited power in offspring 
is never found in any case except those in which the im- 
mediate ancestors made excess acquirements in accord- 
ance with Lamarck’s first law. 

2. The fact that a reduction of either of the factors of 
activity or age in parents so that the product of those 
factors at the time of reproduction is less than the aver- 
age for the breed, invariably results in a decrease in in- 
herited power in offspring. 

3. The fact that when a considerable number of cases 
are taken and tested out one at a time, and are compared 
with each other, it is found that the amount of gain or 
loss per generation in the inherited power is always pro- 
portional to the product of the Lamarckian factors, with- 
in the limits of unavoidable errors. 

On this third point, just refer back to Lamarck’s laws. 
The first law says that when there is ‘‘frequent and con- 
tinuous use’’ of an organ, the development is ‘‘propor- 
tional to the length of time’’ of such use. The second 
law says that ‘‘all of the acquisitions and losses wrought 
in individuals by the predominant use or permanent dis- 
use of any organ are preserved by reproduction’’. 

Lamarck stated his theory so that it might be tested by 
the methods of exact science. 
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BLOOMING RECORDS OF THE APPLE 


C. S. University or 


Recording plant processes that occur periodically is 
receiving more attention than formerly and there is in- 
creasing belief in the scientific and economic importance 
of records of this character. The making of flowering 
records is a comparatively simple matter; but, in order 
to make such records of value, they must be digested, 
brought into orderly form and interpreted in such man- 
ner as will develop principles and admit conclusions that 
may be formulated in a way to support some canon of 
science or guide economic procedure, and this is not a 
simple matter. 

This applies not only to bloom records of apples, but to 
all other accumulated records touching any phase of the 
life of living plants. Problems that, at first, may appear 
simple soon develop an unexpected complexity; ques- 
tions present themselves at every step, questions that 
may involve morphological studies, or inquiry into 
physiological functions or even determinations of chem- 
ical composition. The’ subjects are living organisms; 
they follow a fixed sequence of life events, but they vary 
in time and manner of meeting and passing these events. 

The investigator may speculate on the causes of ob- 
served departures from expected occurrences, reach and 
announce conclusions that may or may not be correct, or 
he may by more or less prolonged experiments reach con- 
clusions that will stand, or he may ignore the questions 
arising, merely state the facts and allow the reader to 
draw his own conclusions. 

Bloom records to be considered were taken at the Illi- 
nois Agricultural Experiment Station; they include 
flowering dates and periods for 106 varieties having rec- 
ords of from ten to sixteen years. 

For central Illinois the flowering period for apples is 
short; in some seasons very short. Heat waves, in some 
seasons, bring trees into full bloom with astonishing ra- 
pidity ; flowers retain the ability to function for a brief 
period and the whole flowering process is over in a very 
few days. Other seasons are characterized by abnormal- 
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ly low temperatures, by excessive rainfall, or by rapidly 
alternating periods of heat and cold so that flowering is 
very irregular and the blooming period much prolonged. 

Of the 106 varieties, 38 are recorded as having bloomed 
in each of the 16 years; 24 bloomed in each of 15 years; 
23 in each of 14 years; 11 in each of 13 years; 5 in each of 
12 years; 3 in each of 11 years, and 2 in each of 10 years. 
For the 16 years (1901-1916), flowering periods have 
ranged from 10 to 22 days; the average is approximately 
16 days. Records of 1906 and 1911 are very near the 
average; seven years had periods one to six days longer 
than the average and seven years had periods one to six 
days shorter than the average. 

The full flowering period for the 16 years is included 
between the dates April 2 and May 21 and is thus 50 days 
in length, but this includes one year so abnormal as to set 
it apart from all other years; I refer to 1910, in which 
year flowering began April 2 and ended April 19. Omit 
1910 and the full flowering period has extended from 
April 18 to May 21, or 34 days. 

Some varieties tend to bloom early, others late, but 
there is no variety holding place as earliest bloomer or as 
latest bloomer with constancy; they vary within wide lim- 
its. Causes for these variations must be looked for in 
seasonal differences in vigor of individual trees. All 
trees are subjected to the same atmospheric conditions 
and presumably the soil is uniform, but all trees do not 
behave in the same manner with reference to their func- 
tions; one, tree, in a given year, makes greater growth 
than another, has more and better foliage and exceeds its 
neighbor in fruit production; in another year the per- 
formance of the two may be exactly reversed in all these 
particulars. In the same way response of flower buds to 
the stimulus of advancing spring may be quick and vigor- 
ous or tardy and weak, depending upon the condition of 
the individual. 

The seasonal abnormality of 1910 was so great that it 
deserves brief mention. The bloom extended from April 
2 to 19, a period of 18 days. A period of the same length 
was recorded for 1909, one a day shorter in 1904, another 
a day longer in 1905; nine of the 12 remaining years had 
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periods from 2 to 8 days shorter and for three years the 
periods were three and four days longer. Individual 
periods ranged from 4 to 9 days much as in normal years. 
It appears that the whole flowering period was simply 
moved forward until the ending of bloom for the latest 
flowering variety overlapped, by but one day, the earliest 
opening of flowers in any other year. 

The early bloom is directly attributable to abnormal 
weather in March. The month was dry, the rainfall only 
.38 inch; mean maximum temperature 63°, mean mini- 
mum 37.7°, and mean daily 52.3°. For the last half of the 
month the absolute maximum was 85°, the mean maxi- 
mum 73.9°, and mean minimum 44.7°. For the period of 
bloom, April 2-19, the mean daily temperature was 53.4°, 
the mean maximum 65.6°, and the mean minimum 42.1°. 

I wish now to compare this earliest blooming period of 
1910 with the period for 1904 which was the latest record- 
ed—May 5-21. The comparison covers 102 varieties that 
bloomed in both years. The full flowering periods for 
the two years differ but by one day, 17 days in 1904 and 
18 days in 1910, but the. beginning date in 1910 was 34 
days in advance of the beginning date in 1904. 

Flowering periods for individual varieties tend to con- 
centration about the 6, 7, and 8 day periods in both years; 
the day-groups in 1904 number 8 with a range of from 4 
to 14 days; in 1910 there were 6 day-groups with a range 
of from 4 to 9 days. The average period was 7.34 days 
in 1904 and 6.78. days in 1910, a half day longer (.56) in 
the year when the blooming period occurred 34 calendar 
days later than in the year of early bloom. 

It would be reasonable to expect that in contrasting 
the blooming periods of two years, one of which was more 
than a month later in the season than the other, the per- 
iods of individual varieties would be shorter and con- 
centrated under a less number of day-periods in that 
year in which the blooming period was latest in season, 
because the more powerful action of the sun and the pre- 
sumed greater aggregate of heat units in the advanced 
season would so stimulate plant functions that blooming 
of varieties would proceed rapidly and result in concen- 
tration within narrow time limits of short individual 
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periods, but in this case the reverse is true. Not only are 
the full flowering periods, although separated by more 
than a month, of nearly equal length, but individual per- 
iods have a shorter average in the early year and there 
are twice as many varieties having 4 and 5 day-periods as 
in the later year. 

Fluctuations in length of varietal flowering periods are 
common to all varieties and all years; they are no more 
marked in the years 1904 and 1910—the earliest and 
latest years—than they are in other years. Grand- 
mother, which had a 5 day period in 1910, had a ten day 


period in 1904, and Repka Malenka with an 8 day period 


in 1910, had a 14 day period in 1904. There were 50 va- 
rieties that had periods from 1 to 6 days longer in 1904 
than in 1910, while 29 other varieties had periods from 
1 to 4 days longer in 1910 than in 1904. These differences 
suggest the operation of influences entirely apart from 
temperatures, moisture, or other climatic conditions. 
For the 16 years of record, average varietal flowering 
periods ranged from 5 days to 10 days; this average was 
5 days in 1910 and 1915, 6 days in 1908 and 1912; 7 days’ 
in each of 6 years, 8 days in each of 3 years, 9 days in 1903" 
and 1914 and 10 days in 1907. The lengths of blooming 
periods for individual varieties may be near together in 
one year and widely separated in another year. There 
is great variation in this; thus, in 1907 the minimum of 
3 days was represented by two varieties, the maximum 
period of 17 days by one variety, and.each number of 
days falling between 3 and 17 was represented by from 
1 to 13 varieties; this largest number—13—falling on the 
12-day period. The total number of periods, each differ- 
ing from its neighbor by one day, was 15; at the other 
extreme the year 1915 has the record, for the 100 va- 
rieties blooming in that year concentrated into 3 periods; 
7 varieties each had a 4-day period, 57 varieties had each 
a 5-day period, and 36 varieties had 6-day periods. 
Amount of bloom is not open to exact determination, 
but estimates are believed to be helpful in summation of 
characteristics of varieties and in separating those hav- 
ing well-defined tendencies towards insufficient bloom 
from those having the opposite tendency. Observations 


5 i 
4 
3 
4 
i 
Z 
4 
7 


PAPERS ON BIOLOGY AND AGRICULTURE 159 


made year after year convey a very definite impression 
of wide seasonal differences in behavior of varieties and 
individuals; of very unequal response to exterior condi- 
tions observed and assumed to exert influence either as 
stimuli to increased activity, or as agents operating to 
retard or diminish plant processes and, further, of the 
fact that factors governing performance are complex and 
dependent upon physiological changes that are difficult to 
understand or rightly interpret. 


Amount of bloom is not determined at blooming time, 


’ but during the preceding year at the time of bud forma- 


tion and, whether the amount is large or small, must de- 
pend upon the condition: of the trees and the conditions 
to which they are subjected during the bud forming per- 
iod. 

Classified as belonging to one or the other of two di- 
visions, no bloom or not sufficient for a crop and enough 
for a crop, the 1696 records for the 106 varieties for 16 
years divide as 636 with none or insufficient bloom and 
1060 with sufficient for a crop. From examination of the 
records it appears that 1913 was the year of maximum 


’ performance, for in that year 101 or 95.29 percent of the 


varieties had sufficient bloom; next to this was 1915 with 
97 or 91.51 percent with satisfactory bloom. At the other 
extreme, 1902 and 1907 had each only 41 or 38.68 percent 
of the varieties having sufficient bloom. In other years 
the distribution was irregular. 

Very heavy or excessive bloom occurred 92 times on 58 
varieties in 8 of the 16 years; 32 varieties appear in the 
list recording very heavy bloom but once; 21 varieties ap- 
pear twice; 3 appear 3 times; one, 4 and another 5 
times. For the 21 varieties each appearing twice, there 
were two cases in which the years of heavy bloom were 
consecutive, five cases of alternation with sufficient bloom 
in the intervening year and 14 cases in which the years 
of heavy bloom were separated by from 8 to 12 years. 

The variety having very full bloom in 4 years was Old- 
enburg; the years were 1902 and 1904, and 1914 and 1916; 
between each of these pairs was a year of moderate 
bloom and for the 16 years the variety has record of 12 
good and 4 poor years. 


| 
J 
’ 
| 


160 ILLINOIS STATE ACADEMY OF SCIENCE 


The variety Borsdorf has the highest record of any of 
the 106 in that in no one of the 16 years was there a de- 
ficiency ; it had moderate bloom in 2 years, full bloom in 
11 years, and very full bloom in 3 years. 


There are wide differences in varieties as regards their 
blooming tendencies. Some are inclined to produce sufli- 
cient bloom nearly every year while others rarely attain 
satisfactory production. 

Cases of alternation of full or heavy with light or no 
bloom occur occasionally, but they are less common than 
the oceurrence of from 3 to 5 or even 6 consecutive years — 
characterized by the same amount of bloom, either scant, 
moderate, or full. 

In this fact is seen evidence of the inequality of re- 
sponse by different varieties to the same attendant con- 
. ditions. Each variety appears to follow a course of its 
4 - own, individuality stands out strongly and there appears 
4 no single agency or group of agencies that operate on 

more than very restricted lists of varieties for limited 
periods to govern performance in flower production. 
Effort has been made to trace relationship between 
j amount of bloom, in a given year, and conditions of tem-’ 
perature and moisture prevailing during the months of 
June, July, and August of the preceding year, but the ir- 
regularities found were such as to render existence of 
any definite relation doubtful; correlation cannot be es- 
j tablished for the reason that temperature and rainfall 
i are only two of a long array of factors, all of which may 
operate to influence bloom performance. Temperature 
and rainfall may be the most important, but taken alone 
they cannot lead to correct interpretation of observed re- 
sults because other, and possibly equally important fac- 
tors are left out. 

Computations from-incomplete data serve only to con- 
fuse; they do not aid in understanding observed phen- 
nomena and hence accomplish no good purpose. Even 
with full data at hand, determination of the causes of 
observed irregularities in flowering would be difficult be- 
eause of the complex nature of the problem. Like any 
other problem involving the physiological processes of 
plants the factors that influence results are very numer- 
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ous, these factors interact among themselves, they are 
difficult to isolate, and, to associate correctly any one of 
them with observed phenomena is possible only through 
close and prolonged study. 


With all varieties there are marked irregularities in the 
alternation of long and short blooming periods, and, 
further, there are conspicuous departures from those 
relative lengths of periods of different varieties that 
might easily be assumed to be constant; thus, where two 
varieties, in any one year, have blooming periods differ- 
ing in length by several days, one, say twice as long as 
the other, it would not be unreasonable to suppose that 
the varieties in question would hold to an approximation 
of the difference in other or all seasons. As matter of 
fact the relative lengths of the periods in one season may 
be reversed in the succeeding season. 


This occurrence indicates plainly that temperature and 
general atmospheric conditions, commonly regarded as 
the chief determiners of lengths of blooming periods, do 
not act equally on all varieties in all seasons, or that 
varieties develop within themselves qualities that render 
* them less susceptible to stimulation, or more resistent to 
adverse conditions in one season than in another. 


In illustration, the records of Tolman and Whitney for 
the years 1903 and 1908 may be cited. The flowering 
period for Tolman in 1903, a year having a long average 
flowering period (9.2 days) for all varieties, was six 
days, while in 1908, when the average period for all va- 
rieties was short (5.94 days) the period recorded was 
16 days. In contrast with this record, Whitney, with a 
variety average for 16 years of 734 days, had its flowering 
period lengthened to 14 days in 1903 and contracted to 5 
days in 1908. Bringing these records side by side for 
ready comparison they appear as below: 

1903 1908 


Blooming period for Tolman..... 6 days 16 days 
Blooming period for Whitney....14 days 5 days 


The trees compared were of the same age, grew but a 
few rods apart and had received the same care each year. 
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Variations in lengths of blooming periods such as those 
cited are of common occurrence and cannot be caused by 
spring weather conditions alone; by their marked irregu- 
larities they suggest that the individual rather than the 
variety must be the basis from which performance is 
considered. Trees of one variety growing together in 
the same row do not act alike; one starts earlier, pushes 
stronger, and completes its period of bloom in less time 
than does its neighbor. It is said of such a tree that it 
was in better condition than the other, had more vigor 
and was thus enabled to outclass its neighbor; this is true, 
but when the question is asked, Why was the tree in bet- 
ter condition and possessed of greater vigor? the answer 
is not immediately forthcoming. 

The tree of greater vigor may be constitutionally better 
than its neighbor; it may have had access to better food 
supply; it may have recovered more completely from a 
fruiting effort; it may have escaped a parasite that dam- 
aged its neighbor; any of these or possible other causes, 
singly or in combination, may have operated to bring 


about the recorded differences, leaving no evidence of op- 
eration that is apparent at the time bloom record is made. ° 
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AN ECOLOGICAL SURVEY AND FLORA OF 
LAKE KNOX 


Paut K. Houpekx, Knox CoLiece 


This is a first report of an ecological survey being 
conducted on a small area containing a pond and a 
swamp, near the eastern limit of Galesburg, Illinois. 
This work was begun late in the fall of 1921 in conjune- 
tion with a zoological survey by Miss Florence Adcock, 
which was published in the last year’s proceedings of this 
organization. 


The lake lies in a triangular area formed by two 
embankments of cinders and rubbish. These embank- 
ments lie, one parallel to and the other at right angles 
with the axis of the broad ravine between the surround- 
ing low hills. The lake itself is roughly triangular in 
shape, being 380 ft. long and 210 ft. wide at the east end. 

Lake Knox originated about forty years ago, and 
until about 1911 was used to supply water to a nearby 
brickyard. Until it was abandoned, it was kept clear of 
any great amount of plant life. 

The marsh lies directly east of the lake, across the em- 
bankment. The marsh area is about 200 ft. square and 
receives most of its water supply from Lake Knox. The 
development here has been rather rapid. I can remember 
fishing here about six years ago. 

The main volume of water entering the lake comes 
through a creek from a similar lake to the south. A near- 
by spring also contributes its water. The overflow drains 
eastward into the marsh through two drains, the more 
recent of which caused the lowering of the lake by about 
eight inches. Except for the spring deluge and an occa- 
sional summer drouth, this area has a fairly constant and 
abundant water supply. 

This region has been used for years as collecting 
ground for both Knox College and the High School Bi- 
ology departments. It furnishes frogs, fish, turtles, 
snakes, crayfish, snails, a few bivalves and numerous pro- 
tozoans, such as paramecia, vorticella, euglena and 
amoeba. Filamentous water plants and weeds have been 
collected here also, 
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Indications point to the fact that this lake is filling up: 
the narrowing circles of willows of different ages, the re- 
ceding of the shore line on the west end, the great abund- 
ance of aquatic plants even near the center, and last year, 
a stranded group of cat-tails near the northwest corner 
are signs of the developmental process that is being car- 
ried on. Kach season’s crop of foliage is packed down on 
the succeeding layer. The inlet is bringing in constantly 
its contribution of silt and humus which is caught by the 
filamentous forms and roots of the hydrophytes or al- 
lowed to settle in the quiet regions of the center and west 
end. In collecting material for this survey, we have es- 
tablished stations in most of the typical regions and have 
attempted to confine our more intensive study to these 
smaller areas. 

In the study of the filamentous forms of this area, some 
material was brought into the laboratory and after the 
forms were identified, it was allowed to stand undis- 
turbed; in a short time, another form (hydrodictyon) ap- 
peared that had not been seen in the material when it had 
first been examined. This form had developed in the 
aquaria under conditions very different from those in 
‘the pond but had existed there in limited quantities under 
the unfavorable conditions. It is thought possible that 
this method of development under conditions different 
from those of the pond may lead to the discovery of some 
forms whose development is limited in the pond, or it may 
lead to some information on the conditions necessary for 
maximum development and possibilities for growth un- 
der unfavorable conditions. 

In the more rapidly developing portions, it is possible 
to make out the following stages; submerged aquatics, 
floating aquatics, emergent aquatics, swamp society, and 
finally those of a river flood plain. If the pond is left 
undisturbed, it will all pass through the above stages. 
The plants of each stage prepare the way for those of the 
next one, and in doing so make conditions impossible for 
their own existence in that particular area. 

In the submerged aquatic society, we find two types; 
first the free floating, largely made up of desmids and 
diatoms of the following types, Scenodesmus, Clasterium, 
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Denticula, Navicula and Asterionella. The second type 
is that of the filamentous and attached forms, of which 
the most abundant species are Spyrogyra, Oedogonium, 
Oscillatoria, Cladophera, Elodea and Ceratophyllum. 
The floating leaved aquatics are rather poorly represent- 
ed, only two species, Lemna minor and Wolffia colum- 
biana, being found. : 

The vegetation in the swamp is predominated by Ty- 
pha latifolia, Saggittaria latifolia, and Juncus effusus. 
The most typical swamp vegetation is in the area east 
of the pond. The lake was without this stage a year ago 
because of the permanent lowering of the water two years 
ago, leaving the plants of this society in conditions such 
as to make their development impossible. This society 
developed on the crescent shaped area at the west end 
exposed by the receding water and on a narrow strip on 
the steeper slope at the west end. 

Another hydrophyte, water cress (Radicula Nastur- 
tinm acquaticum), is found in great abundance in the 
spring fed creek into which flows the north outlet from 
the lake. It is found only above, never below, the point 
where the lake drainage enters the stream; so we may 
understand that the water in the lake is very different 
from spring water. 

The next stage is that of the terrestrial types, which 
are divided into the lower flood plain group, growing in 
soil that is saturated continually, and the upper flood 
plain group, growing in soil that is always moist but not 
saturated. These names are used because the develop- 
ment of a pond beyond the aquatic stage is very similar 
to that of a river flood plain. The lower flood plain 
society is best illustrated at the outer edge of the low 
area at the west end of the pond. The most notable 
species are Polygonum hydropipen (water smart-weed), 
Centricus carolinianus (sand bur), Xanthium spinosum 
(cockle bur), Ambrosia trifids (great ragweed), Bidens 
frendosa (begger tick), Taraxacum officinale (dande- 
lion), Nepta cataria (catnip), Arctium minus (burdock), 
Salix alba (white willow), Postinaca stiva (wild parsnip), 
Oenathera biennis (evening primrose), Carex conjuncta, 
and Equisetum arvense (horse tail). 
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The upper flood plain is found in a narrow band on 
the east and north banks and at the west end. This area 
is rather wider than would be expected because when the 
pond was lowered, this society advanced and the outer 
boundary, owing to the adaptability of the species, re- 
mained the same. The species that characterize this 
society are, Ambrosa trifida (great ragweed), Arctium 
minus (burdock), Ulnus americans (elm), Salix longifolia 
(sand bar willow), Populus deltoides (cottonwood), 
Avena sativa (oat), Taraxacum officinale (dandelion), 
Trifolium repans (white clover), Nepta cartaria (cat- 
nip), Lepidium capsella, Lactuca integrate (wild lettuce), 
Trifolium pratense (red clover), Plantago rugelii (plan- 
tin), Salix alba (white willow), Asclepias syriaca (milk- 
weed), Tradescantia virginiana (spiderwort), Postinaca 
sativa (wild parsnip), Cercium lanceolatum (common 
thistle), Poa pratensis (Kentucky blue grass), and Hore- 
doum jaubatum (wild barley). The willows and elm trees 
at the west end are scrubs, but around the steeper banks 
on the east and north sides we find seedling cottonwoods 
and willows about three to five years old. 


Lake Knox is an artificial pond. The banks on three 


' sides are composed of rubbish and ashes dumped there 


when it was formed. On the south embankment, the rail- 
road company periodically dumps ashes and cinders on 
the lake side. These layers have a very disastrous effect 
upon the vegetation on the bank and in the water. These 
cinder patches on the bottom of the pond give no foot- 
hold for the emergent aquatics. The few more hardy 
terrestrial types that are able to exist under these con- 
ditions are sand bur, smartweed, burdock, and if the bank 
is not disturbed in the spring, the great ragweed. Six 
sand bar willows and an elm have been struggling for 
several years to keep above the cinders. Only last month, 
the Street Railway Company dumped two or three car 
loads of brick and sand on the bank and into the pond at 
the north east corner. A scrub willow growing there is 
surrounded completely by about 12 inches of this materi- 
al and the small willows near by have been obliterated, 
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The inhabitants of near.by dwellings also use the pond 
asadump. It is not uncommon to find all sorts of debris 
when raking up material for laboratory examination. 

The region that is of most interest to the ecologist is 
not that in which he finds one stage predominant. His 
real interest is in the contested ground, ‘‘no plants land’’ 
as it were. In the interzonal areas the conditions are 
such as to permit the development of species from the 
two zones on either side of it. No species or type can, 
however, predominate because of the presence of the 
other and the conditions that do not favor maximum de- 
velopment. No more valiant fight ever was staged on 
battlefield or gridiron than is being fought every year 
in these regions. The receding species do not give up 
easily ; they contest every inch. 

The arrow head, because of its adaptibility, is one of 
the more aggressive types. It seems to defy the deep 
water on one side and the smartweed on the other. Each 
spring during the flood period, it takes a grip on part of 
the lower flood plain and when the water recedes, it re- 
mains. The sand bar willow is struggling for a foothold 
on the lower flood plain. Last season a row of seedlings . 
were established on the west end of the south side. This 
spring they are on the water’s edge and a few are par- 
tially submerged. This season will determine whether 
or not the year old seedlings can survive such conditions 
even temporarily. Last year, a few willow sprouts were 
seen on the edge of a partially submerged row boat near 
the west end of the lake. This spring, there is no sign to 
indicate that they have survived. So the struggle goes 
on, thé plants slowly changing the conditions of the area 
and the conditions determining the plants that shall sur- 
vive. 


IN CONCLUSION 


Lake Knox, an artificial pond, was abandoned several 
years ago and, with the exception of man’s influence men- 
tioned, nature was allowed to take her course. At the 
present time, the lake is being filled in slowly with the 
silt and humus carried in by the inlet and the humus 
formed by the plants that live within and around its 
borders. Here we have a striking example of nature’s 
developmental changes within a limited area. 
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SEASONAL CHANGES IN THE INSECT POPULA- 
TION OF AN ILLINOIS FOREST 


(Abstract) 
A. O. Wresk, James Miuurkin University 


The observations on which this paper is based were 
made in a tract of woodland some sixty acres in extent, 
located about five miles from the main campus of the 
University of Illinois, at Urbana, known as the Univer- 
sity Woods. The higher parts of the area are well wood- 
ed, the trees being almost entirely maple (Acer saccha- 
rum), while a mixed stand, composed chiefly of maple and 
elm (Ulmus americana), occupies the lower parts. In the 
more open situations there is a considerable growth of 
underbrush, largely Benzion and Asimina. This area is 
one of the very few remaining bits of the woodland 
originally extending into the prairie of Central Illinois 
along the Vermillion River and its tributaries, and has 
of course undergone considerable modification accom- 
panying the development of adjacent lands for agricul- 
tural purposes. 

. Fora period of one year beginning July 1, 1921, meteor- 
ological observations on the succession and _ stratifica- 
tion of temperature, humidity, and the evaporating 
power of the air were taken, and an attempt was made 
to correlate with the data thus obtained the variations 
in the animal population of the area studied. 

An attempt was made throughout the period of study 
to obtain collections, or rather samples, of the animal 
population as nearly equivalent as possible and in a man- 
ner at least roughly quantitative. All collections were 
made near the stations chosen for meteorological obser- 
vation, and collections from the different strata generally 
were made on the same day. In the table and the text all 
collections are dated according to the last day of the 
week in which ‘they were made, reckoning from Monday 
to Monday. This day was chosen for convenience because 
the theromograph and hygrograph sheets were arranged 
to be changed at this time. 

- Because of the difficulties attendant upon quantitative 
collection from the tree stratum no systematic samples 
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were taken from this level. The remaining strata con- 
sidered were the shrub, herb, and ground strata. Be- 
cause of the constant presence in the forest of a blanket 
of leaves on the surface of the soil, the ground stratum 
was divided, for the purpose of this study, into two parts 
which will be referred to as the leaf and soil strata. Of 
the latter only the upper ten centimeters were considered. 
Fig 1. 

Week 5 10 20 15 25 30 35 40 45 50 
No. Aug.1 Sept.&5 Nov. 14 Oct.10 Dec. 19 Jan. 23 Feb. 27 Apr.3 May8 June 12 


/ 
| 

The unit of sample from the soil and leaf strata was 
taken from an area two feet square. The unit sample 
from the herb and shrub strata was that obtained by ten 
short sweeps through the vegetation with an insect net 
whose subcircular opening averged thirty centimeters in 
diameter. It is not claimed that there is an exact cor- 
respondence in the numerical data as obtained from the 
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different strata by these methods, although the ratios 
so obtained are probably in the right direction and of 
the right order of magnitude. The method of collection 
was probably most efficient with respect to the leaf stra- 
tum, the soil stratum and the herb and shrub strata fol- 
lowing in the order named. The numerical data obtained 
from samples taken in the manner described above are 
given in the accompanying table and illustrated graphi- 
eally in Figure 1. 

Examining the curve representing the total popula- 
tion in all strata we find a fall in the fourth week (the 
week of July 25), corresponding to an increase in the 
evaporating power of the air at that time. At the be- 
ginning of the period of study the woods were rather dry 
and the animal population was small. With the increase 
in moisture content of the air (and of the soil-leaf strata) 
during the week of August 1, there was a marked in- 
crease in the size of the collections. The increased humi- 
dity, however, does not account for the high maximum 
during the fourteenth week (ending Oct. 3). A gradual 
decline in temperature had been going on with a consid- 
erable increase in mean variability due to lower tempera- 
tures at night, so that while the initial increase was due 
certainly to a return to moisture conditions nearer the 
optimum for the species concerned, the sudden and great 
increase in the number of organisms taken in the samp- 
les was due almost entirely to the great autumnal migra- 
tion toward places of hibernation. An analysis of the 
samples taken at this time showed that the great maxi- 
mum was caused mainly by a few species of beetles and 
leaf-hoppers, all hibernating forms in course of migra- 
tion from the forest margin to the leaf stratum of the 
more protected portions of the woods. Following this 
maximum the fall was again rapid as temperatures con- 
tinued to fall (the first heavy frost was the night of Oct. 
4). The peaks in the total curve after November 12, the 
date of the first ice formation, were caused by samples 
taken on warm days when insects partially emerged from 
hibernation or at least approached near enough to the 
surface to be collected. The spring maxima may be ex- 
plained largely as the result of the reverse movement. 
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This phenomenon will be discussed more fully in a later 
paper. 

The most striking phenomenon of the entire period 
covered by the collections was the autumn hibernating 
reaction evidenced by migration inward from the forest 
margin and downward to the forest floor. In most of 
the species observed the stimulus initiating migration 
seems to be gradual increase in daily range of tempera- 
ture and lower night temperature. Some species evident- 
ly require the additional stimulus of frost of greater or 
less intensity, while others which appear in the forest 
very early seem not to require this. The disappearance or 
maturation of food-plants may be a factor in some cases. 
In the forest the insects appear first in large numbers 
in the stratum corresponding to that in which the sum- 
mer portion of their life history is spent. If the princi- 
pal summer food plant is found in the high forest margin, 
the first appearance is in the shrub stratum. If the sum- 
mer habitat is the low forest margin or meadow the in- 
sects first appear in the herb stratum. A downward mi- 
gration follows under the stimulus of an additional fall in 
temperature or additional frosts. Insects from the shrub 
stratum seem in most cases to spend a short period of © 
time in the intermediate herb stratum before seeking 
the final place of hibernation in the leaf or soil strata. 
Warm days may reverse the course of migration at any 
point. The fact that a large number of species react alike 
and at the same time to the same stimulus or combina- 
tion of stimuli shows a large degree of similar adjust- 
ment of the climatic rhythm of the temperate savanna 


region on the part of the characteristic insects of the local 
area. 


TABLE 1. 


Animal Population of the Lower Strata of University Woods, 
Urbana, Ill. 


July, 1921, to June, 1922. 

Per 

Per Hec- 

Week Soil Str. Leaf Str. Herb Str. Shrub Str. Acre tare 
No. Coll. Ave. Coll. Ave. Coll. Ave. Coll. Ave. (Thousands) 
496 1217 

566 1390 

1182 
980 
1109 


1101 


4° 
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| 
By 
Week 
Ending 
July 4....... 
July 25....... 
Aug. 1....... 
1 15 3 8 2 45 44.5 490 || 
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Per 
Per Hec- 
Week Week Soil Str. Leaf Str. Herb Str. Shrub Str. Acre tare 
Ending No. Coll. Ave. Coll. Ave. Coll. Ave. Coll. Ave. Total (Thousands) 
Aug. 29....... 5 5.8 1 1 46.8 515 1263 
Sept. 5....... 5 18.2 3.4 68.1 749 
eS ee 1 10 1 4 1 22 1 15 90 990 2437 
Sept. 19....... 1 30 1 15 86 946 
1 2 2 78.5 207.5 2283 5602 
1 133 1 283 1 69 498 5480 13446 
15 
1 49 1 128 1 24 208 2288 5616 
1 146 1 25 1 212 2352 5734 
a ee 1 16 1 125 1 23 1 5 169 1859 4773 
Wow, »« 1 8 4.5 121.5 1337 3280 
1 5&4 1 16 1 4 902 2214 
a tee 2 16 1 3 1 37 1 9 93 1023 2511 
1 1 1 3% 1 11 1 0 48 528 129¢ 
1 «(8 1 2 1 0 66 726 1782 
Dec. 19....... Se ee es 1 16 1 0 43 473 1161 
DOR, 26 
1 1 8 1 0 45 495 1215 
Bi 8 68 & 1 4 1 0 67.5 743 1822 
1 0 1 0 18 198 486 
Jan. 2..... 1 2 
Jan. 30....... 31 1 2 
1 3 1 0 100 1100 2700 
1 0 1 0 17 187 459 
Feb. 20....... ae 1 16 1 10 1 0 23 258 621 
1 0 1 0 36 396 972 
| a ee 1 10 1 7 1 4 1 0 21 231 567 
1 12 1 3 32 352 
Mar. 20. -. 38 1 8 
1 7% 1 6 1 1 95 1045 2565 
1 ll 1 2 506 1242 
Apr. 10 ee Se . 1 39 1 23 136 1496 3772 
42 
pe 424 #1 «0 1 & 1 3 1 163 200 2200 5400 
“4 1 1 51 1 398 501 5511 13527 
May §&8....... 1 400 1 64 491 5501 13257 
May 16....... 46 1 22 is 1 52 1 51 134 1474 3618 
May 22....... 47 1 9 1 4 1 63 
8 1 7 1 34 1 42 91 1001 2457 
1 2 1.5 24 15 8 35 385 955 
June 13....... 1 10 1 6 1 54 1 25 95 1045 2565 
June 19....... 51 1 10 1 5 1 40 1 31 86 946 2322 
June 26....... oe 1 0 1 55 1 32 87 957 2349 
Se Wesiiats 1 i 1 5 1 55 1 20 94 1034 2538 


Fic. 1. Graph of the Animal Population of an Area of Four Square 
Feet in an Illinois Elm-Maple Forest, July, 1921-June, 1922, inclusive. 
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THE EFFECT OF SELECTION ON THE LENGTH 
OF SPINE IN DAPHNIA LONGISPINA 


Mrs. Marcaret Smirn Youna, Chicago 


The work was started Dec. 27, 1922, and so far there 
have been ten generations. This paper is, therefore, 
merely a preliminary one. 

The Daphnia stock was obtained from the Laboratory 
of the University of Chicago where the work was carried 
on. The stock came originally from a fish fancier and 
had been kept in the laboratory for about a year before 
this experiment was begun. 

A parthenogenetic female (3027) was selected to start 
the first (3028)* generation. A brood is produced about 
every other day. The stock is kept in fingerbowls under 
greenhouse conditions, and temperature, food and other 
environmental conditions kept as nearly uniform as pos- 
sible. The food consists of a coceus (Chlamyda monas) 
which causes the water to look green. Successive broods 
are termed A, B and ©, and broods A, B and C are used 
as a basis for all the mathematical caleulation. From 
brood A of 3028' an individual was selected to start the ° 
minus strain, and another to start the plus strain of - 
3029*. The difference in length of spine between the two 
was not great and was taken without measuring. After 
this the length of body, divided by the length of spine and 
called ‘‘Index’’, was made the basis of all calculations. 
The plus or long spine strain will therefore have a smal- 
ler index than the minus or short spine strain. 

Selection was made from the A brood of +3029* for 
the +3030* generation, the indices being respectively .3 
and .4. 

In order to have better proof of the hereditary quality 
of the character, the A broods of +3030° were measured 
alive and the five most favorable animals respectively 
were used to start five plus lines and five minus lines of 
3031‘. It was then thought best to use the method of se- 
lecting in each generation five individuals of the plus 
strain and five from the minus strain of the B brood be- 
longing to the most favorable A brood. This was done 
to start generation 3032°. The curves of this generation 
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3031‘ are based on the five lines of + strain A brood and 
the + B brood from which selection was made. 

However, the A brood is often small, sometimes only 
four or five individuals, and therefore not so good to base 
selection npon. The method was changed again so as 
to average together the A and B broods of each of the five 
plus lines and of each of the five minus, and select five in- 
dividuals from the + C brood of the most favorable aver- 
age. This was done to start generation 3033° and has 
been continued to date (generation 3037 included). Cal- 
culations for all curves from 3032 to 3037 are based there- 
fore on +(5A’s + 5B’s + C) used for selection. 

The results are shown in the table of Means and Dif- 
ferences each with their probable errors. It shows that 
the least positive results are a difference which is still 
three times the probable error, and two times as great 
as the difference between the first selected individuals. 
In one case the difference is twenty times the probable 
error. The frequency curves are interesting. They 
seem tashow that whereas at the beginning the difference 
is often due partly to odd individuals at the extremes, 
later these are more or less eliminated and the population’ 
more even. The mode of the plus curve seems to be mov-’ 
ing to the right of that of the minus curve. 

Environmental conditions have important bearing on 
the results and probably explain the fluctuations of the 
difference. When the food water becomes concentrated 
other algae get the upper hand, one occurring particu- 
larly on which Daphnia could not subsist and in the long 
strings of which it became entangled. A sudden rise in 
temperature kills them rapidly, such as is caused by the 
sun shining on the bowls. The food must be replenished 
continually or they do not thrive. The writer has lookea 
for indications that size of brood or size and vigor of 
animal causes a difference, but has been unable to find 
any signs of this. The vigorous animal is larger both 
+ but the length of spine has the same relation to body 
length. All individuals were measured at about seven 
days old. One cannot tell exact date of birth unless ma- 
terial is under constant surveillance. The size at the 
same age varies considerably, but not so the index. 
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The work was done entirely with parthenogenetic fe- 
males, no males appearing; hence the results are entirely 
in a pure line. Whether similar results will continue or 
whether the difference will persist when selection is dis- 
continued remains to be seen. The full significance of 
the experiment can not be gauged in so early and pre- 
liminary a stage. 


What the causes are which may produce selection in 
a pure line if such should prove possible in the long run, 
is still an open question. A. M. Banta in his interesting 
work on ‘‘Selections in Cladecera on the Basis of a Phys- 
iological Character’’ takes up the question. He was 
slightly successful in selecting Daphnia longispina for its 
reaction to light. In one line he got a difference 4.05 
times the probable error. He thinks selection may be 
due to (1) general physiological changes or (2) direct 
genetic changes. The first consists of materials carried 
over by cyloptasm, lide bacteria or protozoa or dye, 
which fed to fowls appears in egg yolk (Riddle 1908). 
But if the genetic basis be assumed, then he thinks that 
selection in a pure line altho it cannot cause genetic 
changes ‘‘may seize upon modifications of the character 
used in selection as they occur and in the case of plural 
genetic changes may build up differences between se- 
lected strains’’ and may be ‘‘the means of utilizing the 
variations in accomplishing the end sought.’’ There is 
no way in Daphnia by which there could be any recombi- 
nation of nuclear material, since there is only one ma- 
turation division without reduction in the partheno- 
gentic egg. 


Banta also discusses the mutation theory. In connec- 
tion with such small genetic changes he would not call 
them mutations, but calls the point immaterial. He 
would not call them segregations or larger mutations be- 
cause they occur too often and because there is no chro- 
matic reduction involved. Sturtevant, in his work on 
Dichaet flies, was able to select plus and minus strain for 
a number of bristles. Dichaets vary more in bristle num- 
ber than non Dichaets. In his final discussion he raises 
three questions. 
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1. ‘Does selection use germinal differences already 
present or such as arise during experiment, or both?”’ 
He thinks that, assuming the factors are Mendelian, se- 
lection in a group heterozygous for many minor factors 
will be effective in isolating favorable combinations of 
such modifying genes or multiple factors. Since muta- 
tions take place at all times, selection may make use of 
variations arising during the experiment. 

2. ‘‘In ease it uses new differences does it cause them 
to occur more frequently and does it influence their direc- 
tions?’’ He finds nothing to show that favorable varia- 
tions occur oftener on account of selection. 

3. ‘‘Are differences new or otherwise more likely to 
occur in the locus of the gene under observation or in 
other loci?’’ He thinks variations appear more often in 
other factors since there are so many, but only in one 
that is responsible for the difference under observation. 


TABLE OF MEANS AND DIFFERENCES WITH P. E. 


Generation — Means + Means Difference 

3029 (2) 4.6+ .098 3.7 + .13 9+ .o16 
3030 (3) 3.76 + .046 3.6 + .04 -11 + .062 
3031 (4) 4.7+ 094 .07 6+ o1 
3032 (5) 4.6+ 034 4.0 + .o42 +> 054 
3033 (6) 4.8 + 3.6 + .035 1.2 + .066 
3034 (7) 4.2 + 05 3.98 + + 055 
3035 (8) 3.8 + 039 3.3 + 011 

3036 (9) 3.8 + 02 3.3 + .017 5+ 025 
3037 (10) 3.6 + .o28 3.1 + .018 + .02 
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REGENERATION IN BRYOPHYLLUM CRENATUM 


Mary E. Renicu, State Normat University, 
NorMaL 


In Vol. 60 (1915) of the Botanical Gazette, appeared 
an article by Jacques Loeb entitled ‘‘Rules and Mechan- 
ism of Inhibition and Correlation in the Regeneration of 
Bryophyllum Calycinum.’’ This article was followed by 
several others from the same author in later numbers 
of the Gazette, in Science and in the Journal of General 
Physiology. 

As there was available in the Botany Greenhouse at the 
University of Illinois a number of plants of Bryophyllum 
crenatum, the experiments given in Loeb’s first article 
were repeated using this species. While many of the re- 
sults obtained by Loeb with B. calycinum applied to B. 
erenatum, several differences were found sufficiently 
great to warrant noting. Since the plants of B. crena- 
tum used in the experiments differed from those of Loeb 
in that they were mature and in flower, the differences 
were thought at first to be due to maturity or to the 
physiological state of the respective species. Subse- 
quently it was found that very young plants of B. crena- 
tum gave essentially the same results as the mature ones. 
In the cases where the results with B. crenatum differed 
from those obtained by Loeb with B. calycinum, the ex- 
periments were repeated using B. calycinum. 

One difference between the two species should be noted 
here. With B calycinum, whenever growth appeared 
in the notches of leaves separated from the plants, roots 
developed before the shoots. The reverse order of devel- 
opment was always true with B. crenatum. 

Since the study was to be a comparative one, the meth- 
ods used by Loeb were followed as nearly as possible. 
The work was done in the greenhouse during the winter 
months and at a temperature of approximately 70° F. 
The numbers used in referring to the leaves correspond 
to those used by Loeb. 

In the first experiment, 3 leaves of B. calycinum and 
of B. crenatum were prepared as follows:—-leaf 1 was 
separated entirely from the plant, leaf 2 had a portion of 


, 
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the stem, leaf 3 had a portion of the stem and also the 
opposite leaf attached. These leaves were suspended 
by means of threads from the top of an aquarium in a 
saturated atmosphere in such a manner that their tips 
were submerged in water. 

After 10 days the results obtained with B. calycinum 
were essentially those obtained by Loeb. After 16 days, 
however, roots had developed at the base of the petiole in 
2 of the completely isolated leaves suspended in satu- 
rated air, and by the end of 5 weeks shoots had appeared 
also. These results are contrary to those obtained by 
Loeb who says, ‘‘The advantage of this plant for the 
study of the problem of regeneration lies in the fact that 
shoots can grow out only from definitely located buds in 
the stem and in the notches of the leaf.’" In another 
place he states, ‘‘The stalk of an isolated leaf without 
any piece of stem is not capable of giving rise to any re- 
generation. Such a leaf will form adventitious roots and 
shoots in its notches very rapidly.’’ 

B. crenatum gave several results different from those 
obtained by Loeb with B. calycinum. After 10 days, 
growth had occurred in leaf 1 on the aerial as well as on 
the submersed portion of the leaf, and in mature flower- - 
ing plants the growth from the aerial was more vigorous 
than that from the submersed portion of the leaf. In 
leaf 2 from mature plants the bud grew out from the 
opposite axil as stated by Loeb. In many cases, however, 
shoots appeared in both axils. In the leaves from very 
young plants, only the bud from the adjacent axil had 
developed. With B. calycinum, Loeb reports no develop- 
ment of the axilliary buds in leaf 3. In B. crenatum 
shoots appeared from both axils in all the specimens. 
There was also some notch growth on most of the leaves. 

Plate I shows these leaves at the end of 5 weeks. Leaf 
1 with the best notch growth had developed a large shoot 
at the end of the petiole. The shoots and roots in both 
axils of leaf 3 were as large as those in leaf 2 and the 
growth from many notches was nearly as vigorous as 
that in leaf 1. Leaf 2 showed considerable notch growth. 
All the drawings given in this article were made from 
photographs of the specimens. 
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This same experiment was repeated suspending the 
leaves in a saturated atmosphere but not allowing their 
tips to touch the water. Plate II shows the results after 
5 weeks. The growth was the same as that just described 
but the leaves were less turgid. 


Experiment II was designed to show the inhibiting in- 
fluence of the axillary buds on the growth in the notches 
of the leaves. Leaf 6, similar to leaf 1, was separated en- 
tirely from the plant; leaves 7, 8 and 9 had a portion of 
the stem attached. Both axillary bunds were removed 
from leaf 7, the opposite axillary bud was removed 
from leaf 8, and no bud was removed from leaf 9. In 
this experiment B. crenatum gave results different from 
those obtained by Loeb with B. calycinum. Leaves 6 and 
9 agreed with leaves 1 and 2 described in experiment I. 
After 4 weeks, 2 specimens of leaf 7 showed no growth. 
3 specimens had developed a shoot from the petiole above 
the cut. In each of the latter, there was some notch 
growth although it was much smaller than in leaf 6. 
Leaf 8 had a shoot from each adjacent axillary bud and 


also some notch growth. Plate III shows these leaves 
after 5 weeks. 


Concerning the inhibiting influence of the growth of 
the axillary buds on the notch growth Loeb states, ‘‘It 
is, therefore, obvious first, that a stem whose buds are 
removed has still an inhibiting influence upon the for- 
mation of. roots in the notches of a leaf; and second, that 
if the buds of the stem are not removed, the growth of 
the bud opposite the leaf enhances this inhibiting effect 
of the stem upon the leaf considerably. Since the growth 
of this bud of the stem is as a rule also inhibited when the 
opposite leaf is not removed, as in figure 3, we under- 
stand why the non-removal of this leaf favors the growth 
of the adventitious roots from the notches of the other 
leaf.’’ In B. crenatum the removal of the buds from the 
stem did inhibit the notch growth and the inhibiting 
effect was enhanced by the growth of the bud which was 
not removed, but the growth of this bud of the stem was 
not inhibited when the opposite leaf was not removed as 
was shown by leaf 3, 
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In experiment III, several nodes of a stem were used. 
On some stems, leaf 10, the leaves of the apical node and 
on others, leaf 11, those of the basal node were retained. 
The results with B. crenatum were quite different from 
those obtained by Loeb with B. calycinum. In 5 days, 
in leaf 10, four out of five specimens had developed basal 
node shoots and the fifth had both basal and apical node 
shoots. In leaf 11, there were two apical node shoots in 
each specimen and also a basal node shoot in one. In 20 
days, in leaf 11, there were two shoots from the basal 
node of one specimen and some notch growth on 2 leaves. 
After 4 weeks, leaf 10 had developed 2 shoots from the 
basal node of each specimen. Four of the specimens had 
developed 2 apical node shoots and also some notch 
growth. The fifth had but 1 apical node shoot. Plate IV. 
shows leaves 10 and 11 after 5 weeks. The growth of 
the buds on the stem may have inhibited a vigorous 
notch growth as stated by Loeb, but the shoots developed 
rapidly at those nodes from which the leaves had been 
removed, regardless of whether those nodes were apical 
or basal. From the under side of one leaf, a shoot had 
developed near the mid-vein. Here again we have regen- 
eration other than that from the notches of the leaf or ~ 
from a definite place on the stem. 

Loeb found that in B. calycinum the development of 
the bud on the stem was inhibited or retarded if only a 
piece of the petiole of the opposite leaf was left on the 
stem. This was not true for B. crenatum. In 14 days, 
in the leaves whose opposite leaf blade had been removed, 
leaf 14, a shoot grew from the opposite axillary bud in 
each specimen and there was a slight notch growth on 
most of the leaves. The petioles were still intact when 
the shoots developed. Plate V. shows 2 specimens of leaf 
14 after 1 month. At this time the petiole had withered 
and fallen from one stem and a shoot was growing in the 
adjacent leaf axil in this specimen. 

Leaf 20 on Plate V. shows the effect of cutting the 
stem lengthwise leaving a leaf attached to each half. In 
5 days the adjacent buds appeared on 3 out of the 6 spec- 
imens. The other 3 showed notch growth. In 21 days 
there was an adjacent shoot in each and a slight notch 
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growth in 4 specimens. The rate of development here 
was about the same as in leaf 3 where both leaves were 
left on the stem. 

In following Loeb’s experiments to show that root 
pressure and not the roots themselves inhibited the notch 
growth, few, if any, roots developed in B. crenatum. In 
10 days shoots from the opposite buds developed in 2 
specimens. In 12 days, there were shoots from both buds 
in 4 cases. After 17 days, only one stem had formed 
roots. There was no notch growth in the mature plants, 
but in 14 days most of the leaves from very young plants 
had some notch growth. That is, with B. crenatum, the 
leaves with a piece of stem attached when placed in a 
Petri dish with a small amount of water behaved similar 
to leaf 2. 

In the seventh experiment, the stem of B. crenatum, 
consisting of several nodes stripped of all its leaves, was 
suspended in moist air, number 23. In 3 days apical 
node buds had appeared from 2 out of 5 specimens. In 
12 days, 2 shoots had developed at each apical node and 
in two specimens, from the second node also. After 20, 
days, 2 shoots had appeared from the third node of 1 
stem. Although the shoots of the apical node developed 
most rapidly their development did not inhibit the growth 
of the shoots at the lower nodes. This is shown in Plate 
VI. The photograph was taken after 4 weeks. 

-This plate also shows a single node, number 28, from 
which the leaves were removed. When single nodes from 
near the top of the main stem were used, buds appeared 
on all the specimens in 3 days. In 12 days, 2 shoots were 
growing from each node. This shows that in B. crenatum 
the development in the single apical node was as rapid, 
in some eases more rapid, than when, as in leaf 2, a leaf 
was left on the stem. The presence of the leaf did not 
accelerate the growth of the axillary bud. 

In experiment VIII, lateral incisions were made 
through the mid-vein of leaves of B. crenatum. In 7 days 
the smallest isolated leaf, leaf 38, showed notch growth. 
3 of the 5 specimens of a leaf with a portion of the stem, 
leaf 39, had developed both axillary buds, and the adja- 
cent bud of the other 2 just showed. In 9 days, there was 
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notch growth in-each of the 5 isolated leaves. 4 leaves 
with stems had both axillary shoots; the fifth had just 
the opposite shoot. These leaves are shown in Plate 
VII. The notch growth on the leaves having a portion of 
the stem attached was as abundant in the 4 specimens 
having both axillary shoots as it was in the isolated 
leaves. The axillary shoot had lost its inhibiting effect. 

When leaf 1 of B. crenatum was suspended in moist 
air and deprived of light, the buds developed in most of 
the notches within 7 days. In 5 weeks the shoots were 
fully an inch long. 

The purpose of these experiments was not to discover 
the cause of regeneration, but rather to determine 
whether the rules given by Loeb for B. calycinum could 
be applied to B. crenatum. 

Loeb assumed that the cause of regeneration was the 
prevention of the flow of material from the notches of 
the leaf, and he was supported in this view by his experi- 
ments on B. calycinum. No such simple explanation can 
be given for B. crenatum. If a piece of stem was left 
attached to the leaf, leaf 2, one or both axillary buds de- 
veloped. A comparison of this leaf with the isolated . 
node from near the apex of the plant shows the growth 
of the buds about the same in leaf 2, altho in the latter 
case there were no leaves from which the buds could get 
this flow of material. 

In a later experiment,’ Loeb finds that an apical leaf 
influences the lower buds of its side of the stem. He 
states, in this connection, that the inhibiting influence of 
the leaf upon shoot formation is due to an inhibiting sub- 
stance ‘which is secreted by the leaf and carried with the 
sap toward the lower part of the stem. No such sub- 
stance seems to be produced in B. crenatum. 

Although the development of the axillary buds and 
notch growth is hastened by the separation of leaf or 
stem from the plant, Goebel* found in his experiments 
with B. crenatum that the development of the notch 
growth on leaves attached to the plant could be brought 
about by cutting squarely across the middle vein near 
the base of the leaf. If a longitudinal cut was made near 
the edge of the leaf no growth occurred. He attributed 
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this lack of growth to the fact that by the longitudinal 
eut the vascular bundles were not sufficiently injured, 
Wakker’ said that the growth of adventitious buds on B. 
ealycinum could be brought about by injuring or disturb- 
ing the water passages of the leaf. 
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Child and Bellamy‘ found that cooling a portion of 
the petiole of a B. calycinum leaf to a temperature from 
2.5 to 4° C. for a few days was a very effective means of 
inducing notch growth, 
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That even these injuries and disturbances are not nec. 
essary in order that shoots may develop was discovere« 
in the plants at hand. In the Botany Greenhouse, notch 
growth appeared on the leaves of several plants which 
apparently were in normal condition. This development 
has been found on the leaves of B. calycinum as well as 
on those of B. crenatum and on both old and young 
plants. An interesting feature noted in the species caly- 
cinum was that, while in the notch growth on leaves sep- 
arated from the plant roots appeared before the shoot, 
the reverse order of development was true on leaves 
attached to the plant. 

For more ready comparison, the results with B. caly- 
cinum obtained by Loeb and those with B. crenatum ob- 
tained by the author are given in the following table. 
Unless otherwise stated, the results given for B. caly- 
cinum are those obtained by Loeb; those given for B. cre- 
natum were obtained by the author. Where no time is 
given for calycinum it was the same as for crenatum. 


Leaf Time B. crenatum Time 
1 10 da. Much notch growth, Roots 
aerial and submersed, 

5 wk. Shoot on petiole in one. 


B. calycinum 

and then shoots 
on submersed portion. 

Shoot on petiole of 2. * 

Author's results) 


( 
2 10 da. Shoot from opposite or Opposite axillary shoots. * 


both axils in all ma- 
ture leaves. 

In very young, shoot 
from adjacent axil in 


each. 
A few notch shoots and No notch growth. 


roots. 

Shoot from each axil. Roots and shoots on sub- 
mersed portion. Not 
quite as quickly as in 
leaf 1. 

Notch growth on most 


and roots as shoots from submersed 
as in leaf 2. portion. Adjacent axil- 
Notch growth as vig- lary bud. 
orous as in leaf 1. 
Abundant notch growth Roots and shoots under 
the same as in leaf 1. dened, similar to leaf 


No growth. Roots on many — sub- 
mersed portions. Shoot 
on one, 

. 2—no growth. %3—shoot 
on petiole and some 
notch growth. 

4 out of 6 no growth. A few had some roots 
1—adjacent shoot. and shoots on sub- 
adjacent shoot mersed portion. 
notch growth. 

. Adjacent shoots in each. 

Some notch growth. 

Same as leaf 3. Same as leaf 3. 
4—basal shoots; 1— Notch roots and _ shoots, 
basal and apical node no axillary shoots. 

shoots, 
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wk, 
leav 
5 wk. 
6 10 da. 
7 10 da 
4 wk 
8 10 da 
4 wk 
9 
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Leaf Time B. crenatum Time B. calycinum 
20 da. 2 basal shoots in each, 17 da. Notch roots under water. 
: in 4, 1 apical 
4wk. Some notch growth. 
11 5 da, 2 apical node shoots in A few 2 apical shoots in each. 
each, 1 basal in one. — 
20 da. 2 basal in one and some 17 da. No notch growth. 
notch growth in 2 
leaves. 
14 14 da. Opposite axillary shoot, A few notch roots and 
slight notch growth in shoots. 
most leaves, petiole 
intact. 
4wk. Adjacent shoot in one. 10 wk. Petiole fallen off, axil- 
lary shoot growing. 
20 5 da. Adjacent buds in 3 out 6 wk. Adjacent axillary shoots 
of 6. Notch growth in 
others. 
21 da. Adjacent shoots in all, 14 da. In very young plants—a 
slight notch growth in few roots on base of 
4. stem, and in 6 wks. 
much notch growth 
under water. No ad- 
jacent buds. 
(Author’s results) 
23 12 da. 2 shoots from each apical Apical node shoots only 
node. 2 from second 
node in two cases. 
20 da. 2 Ene from 3rd node 
n 1, 
28 3 da. Buds in all 5 cases. No growth. 
12 da. 2 shoots from each node. 
38 7 da. 3 out of 5 had both axil- Opposite shoot, no notch 
lary buds, 2 had ad- growth. 
jJacent bud growing. 
9 da. 4—both axillary shoots, 
1—opposite shoot. No 
notch growth in 4 with 
both buds, 
1 7 da. Most notches had growth. No growth. 
(In 5 wk. Shoots about 1 inch long Many small roots. 
dark) but not sturdy. Shoot from base of pet- 
iole. (Author's result) 
In all notch owth, Roots develop first, then 
shoots develo first, shoots, when leaves are 
then roots. separated from plant. 
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BARBERY ERADICATION IN ILLINOIS.’ 
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INTRODUCTION 


The barberry eradication campaign in Illinois was be- 
gun in the spring of 1918 as a part of the campaign or- 
ganized by the United States Department of Agriculture 
in cooperation with 13 north-central wheat-growing 
States, namely, Colorado, Illinois, Indiana, Iowa, Michi- 
gan, Minnesota, Montana, Nebraska, North Dakota, Ohio, 
South Dakota, Wisconsin, and Wyoming. 


This campaign in the United States followed the severe 
black rust epidemic in 1916 which produced a shortage of 
wheat that seriously affected the nation’s flour supply 
during the period of the world war. Through the agita- 
tion of scientists and the results of preliminary surveys 
in Minnesota and Iowa, conferences were held in 1917 


1 Office of Cereal seve ens Bureau of Plant Industry, U. 
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and 1918 which brought about the organization of the 
present barberry eradication campaign by the Office of 
Cereal Investigations of the United States Department 
of Agriculture in March, 1918. Field work was begun in 
April, 1918, under an emergency appropriation for st:- 
mulating agriculture. An annual appropriation of ap- 
proximately $150,000 was provided by Congress from 
July 1, 1918, to June 30, 1921, after which it was increas- 
ed to $350,000. During this time, practically all cities 
and towns were surveyed for barberry bushes and a farm- 
to-farm survey was begun in 1919. By December 31, 
1922, all properties in 472 counties had been surveyed. 

Because of the desire of interested commercial and 
agricultural organizations to further the campaign and 
shorten the time necessary to complete the survey, a con- 
ference was called by them at Minneapolis in March, 
1922, to consider further measures that might be adopt- 
ed as a means of rust control. Representatives of com- 
mercial interests, the farm bureaus, the State depart- 
ments of agriculture, and the State experiment stations 
formed a permanent organization, and indorsed the bar- 
berry eradication campaign as the feasible measure to be 
used in rust control. Largely through effective presenta- 
tion by this organization Congress increased the appro- 
priations for barberry eradication, and some of the States 
likewise provided extra funds. 


PROGRESS OF ERADICATION 


The entire State of Illinois is included in the eradica- 
tion area. Due to a wide range of temperature and lati- 
tude within the State there is a marked difference in the 
type and variety of cereals and grasses in the northern 
and southern areas. Experimental data show that 
spring wheat is subject to greater damage from stem 
rust than winter wheat, and, as spring wheat is grown 
successfully only in northern Illinois, it, was decided to 
begin barberry eradication in that section. 

From April 1, 1918, to December 31, 1922, 762 cities 
and towns were surveyed for barberry and 15 counties 
were covered in the farm-to-farm survey with the result 
that 142, 882 bushes were located, and, in most instances, 
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eradicated. Owing to a large increase in the Federal ap- 
propriation more men were employed for survey and 
eradication during the summer of 1922 than in previous 
years. As a result six counties were completed in 1922 
alone, in addition to a considerable portion of the city of 
Chicago. 

More properties infested with common barberries have 
been found in ‘Illinois than in any of the other twelve 
States within the barberry eradication area. During the 
five-year campaign, 9,478 properties on which barberry 
was growing have been located. Iowa ranks second with 
8,390 and Michigan third with 8,325. Although Illinois 
has the highest number of properties with barberry, in 
the total number of bushes found the State ranks fifth. 

Thus far about twice as many bushes have been found 
in the towns as in the country, probably due to the fact 
that the urban survey has been nearly State-wide while 
the farm-to-farm survey has been confined to fifteen 
counties in northern Illinois. 

At the rate of progress in Illinois during 1922, the best 
year of the campaign, at least five more years will be, 
necessary to complete the original survey. [Illinois re-, 
ceived $20,000 of the Congressional appropriation of 
$350,000 in 1922. To date less than a quarter of the total 
area of the State has been covered in the farm-to-farm 
survey. Either the annual Federal allotment will have 
to be increased considerably or the State -will have to 
give generous financial aid to the movement if Illinois is 
to be cleared of barberry by the time the other 12 States 
are covered. 


PROBLEM OF ESCAPED BARBERRIES 


One of the difficult problems encountered in the eradi- 
cation campaign in Illinois is the widespread occurrence 
of escaped bushes that have grown from seeds scattered 
from cultivated bushes. Of the bushes found in the coun- 
try, 27,463 were escaped bushes on 458 properties distri- 
buted in every county of the surveyed area. 

Because of the large number of escaped bushes, eradi- 
cation has been retarded considerably. Usually these 
bushes were found growing in timber land, brushy pas 
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Fig. 1. 


Escaped barberry bushes growing in the Galena area. The soil is 
extremely rocky and eradication by digging is impossible. 
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tures or on rocky hillsides, often of rugged topography. 
Survey of these areas made on foot and covering every 
square rod is a slow process. Three outstanding areas 
of escaped bushes have been found in the surveyed terri- 
tory, namely, at Gurnee, Lake County; Galena, Jo 
Daviess County; and Chana, Ogle County. They are 
widely separated and possess different characteristics. 


THE GURNEE AREA 


The Gurnee area is located in Lake County and has the 
largest number of bushes. The number of bushes is esti- 
mated at 5,000 and there is a wide variation in size and 
age. Most of these bushes were growing in a 40-acre 
woodlot on the farm of a Mr. Lake. Other scattered 
plantings were found along highways, hedges, and fences 
for several miles around. Seedlings, sprouts, and large 
mature bushes were all growing together in timber 
forming a dense growth of underbrush. Unlike most 
areas, the escaped bushes were not closely associated 
with streams. The original source of these bushes 
was a hedge near the old homestead on the Lake farm. 
This hedge had been eradicated some years ago. 


THE GALENA AREA 


The Galena area was found during the summer of 1922 
and is located about the city of Galena in Jo Daviess 
County. The topography is extremely rough due to its 
being unglaciated, and many difficulties were encountered 
by the field men. It was necessary to survey twelve sec- 
tions on foot and considerable time was thus consumed. 
Unoeeupied property offered another stumbling block 
to the efficient destruction of the barberry. There were 
approximately 1,500 bushes found within a radius of 
about two miles from the original planting. Many were 
growing against rocky cliffs (Fig. 1) and in ravines that 
were almost inaccessible to the scouts. Digging was a 
difficult process and sprouts invariably appeared after 
digging because the roots could not be entirely removed. 

This area originated from a large hedge planted in 
Galena in 1844. In general the escapes are scattered 
along hillsides on both banks of the Galena river. Birds 
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probably were the principal disseminating agent, with 
water as a second factor. 


THE OGLE COUNTY AREA 


Three separate areas of escaped barberry were found 
in Ogle County during the summer of 1922. The total 
number of bushes in these areas was about 250 and in 
each instance they were associated with streams in tim- 
ber lands. The topography is somewhat rough but not 
as rugged as that in the vicinity of Galena. Although 
the number of bushes in the Ogle County area would in- 
dicate that it was comparatively unimportant, there are 
several characteristics peculiar to it. 

In the territory about the town of Chana, twenty 
bushes all about the same size were estimated to be 
70 years old. One of the largest bushes found in 
Illinois was in this area (Fig. 2). Another unusual 
characteristic was that the escaped bushes grew separate- 
ly, only a few on each farm. 

In the area about Mt. Morris, the bushes were of all 
sizes and were widely scattered in small groups. The 
area is about six miles across and includes about 100 
bushes originating from a single source. In the Polo area 
mahy of the bushes were found growing on the sides of 
rocky bluffs and eradication necessarily will be difficult. 


CHEMICAL ERADICATION’ 


The common barberry (Berberis vulgaris L.) when 
well established is a very difficult plant to kill. This is 
the conelysion reached after five years of effort to eradi- 
cate the common barberries from 13 of the North-Central 
States. 

When the bushes are dug, even small fragments of 
roots left in the ground usually will sprout. This means 
that where the digging is difficult, as in rocky ground 
or around trees or stumps or when unusual care is not 
taken to remove all fragments of roots, sprouts are 
almost sure to develop. In lawns or gardens where a 
careful watch can be kept, the problem is not so serious, 


1Noel F. Thompson. Kill the Common Barberry with Chemicals, 
U. S. Dept. of Agriculture, Cir. 268, 4 p., 3 fig. March, 1923. 
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Fig.2. Immense escaped barberry bush found in Ogle County. This is 
one of the largest bushes found in Illinois and is typical of the twenty 
large and widely separated bushes found in one escaped area. 


Fig.3. Barberry sprouts near Galena, Illinois, treated with crushed rock 
salt. The character of the soil makes chemical eradication necessary. 
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for in a year or two all roots left at the first digging will 
have sprouted and can be removed. With bushes grow- 
ing wild in pastures and woodlots and along fences at a 
distance from the house, the situation is different, and 
other means of killing the bush are desirable. 

In the past two years experiments have been carried 
on at Gurnee in Lake County in an effort to find some 
suitable chemical that would kill barberry bushes. A 
large area of escaped barberry was found at Gurnee in 
June, 1921, and the chemical experiments were begun in 
the autumn of the same year. Noel F. Thompson, who is 
now in charge of the experiments, has found that rock 
salt and a commercial compound containing sodium 
arsenite are the most effective compounds for killing the 
bushes. 

Dr. W. W. Robbins conducted a series of experiments 
to determine a satisfactory method for killing barberry 
seedlings. He found that a number of chemicals are ap- 
parently equally toxic to barberry seedlings. Sodium 
arsenite was the most economical and effective compound 
used. A spring application was more effective than a 
fall application. Apparently the seedlings gain in re- 
serve strength as the season advances. This fact sug- 
gests the advisability of spraying the young plants as 
soon as possible after the germination of the barberry 
seeds in the spring and summer. 

Because of the danger to livestock resulting from the 
use of sodium arsenite, it has become necessary to dis- 
continue using this chemical and to rely entirely upon 
salt. 

There are many localities in Illinois where the soil is of 
such a character that effective digging of the bushes is 
impossible. An example of such a condition was encoun- 
tered in the Galena district. The soil of the entire region 
is extremely rocky and where bushes were removed in 
July, sprouts appeared in September, thus demonstrat- 
ing the absolute necessity of adopting the more efficient 
method of using chemicals in order to eradicate perma- 
nently every common barberry bush in the State (Fig. 3). 

Even when the character of the soil would not inter- 
fere with eradication by digging, sprouts have been found 
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in many instances. For example, the 1922 survey in Oak 
Park, Cook County, showed that fully fifty per cent of 
the bushes eradicated in previous years had sprouted. 
However, it is not likely that chemicals can be used con- 
veniently on every planting because of the injurious ef- 
fect on the soil, retarding plant growth one or two 
years. 

Crushed rock salt has been applied to a number of 
bushes in Jo Daviess County (Fig. 4). About ten pounds 
is the recommended application for the average-sized 
bush. It should be distributed over the crown. The bush 
may be left standing or the top cut off before applying 
the salt. The average cost per plant for treatment with 
crushed rock salt was from five to fifteen cents, depend- 
ing upon the character of the bush. This included the 
cost for salt and labor. 


RUST EPIDEMIOLOGY STUDIES 


In connection with the barberry eradication campaign 
in Illinois numerous observations have been made in the 
spread of black stem rust from infected barberries. Sev- 
eral outstanding cases have been noted; one at Minooka, . 
Grundy County, probably is best known because it was 
the first to be brought prominently to the attention of 
farmers. It was discovered in 1919 and showed the re- 
lationship so clearly that it was mapped and described 
in the annual report of the barberry eradication cam- 
paign of that year. 

Much of the rust around Minooka originated in a large 
hedge of common barberry comprising some six hundred 
bushes. Directly east of this hedge was a field of winter 
wheat sheltered by an intervening orchard. This pro- 
tection, together with the earlier development of winter 
wheat, prevented serious damage to this field. About a 
quarter of a mile southeast of the hedge was a field of 
spring wheat with no protection other than distance. 
Intervening was a pasture extending from the hedge to 
the wheat. In this pasture was considerable wild barley. 
Rust spread from the barberries to the grass and then 
spread rapidly through the pasture to the grain where 
it produced a 90 per cent infection. Directly across the 
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Fig. 4. An area of escaped barberries in Jo Daviess County. The tops of 
of the bushes have been cut off and the crowns treated with salt. 
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road, about 70 feet from the hedge, was a field of oats. 
Not a single stalk escaped the rust. A mile farther away 
was another field of oats which showed an infection of 
about 75 to 80 per cent. The removal of the hedge has 
decreased stem-rust losses in this neighborhood in sub- 
sequent years. 

During the summer of 1922, no serious outbreaks of 
black stem rust were reported. Weather conditions in 
June were very unfavorable for the levelopment of stem 
rust. The rainfall was light and the dry weather hin- 
dered the growth of the rust. However, the earliest in- 
fection of stem rust in northern Illinois in 1922 can be 
traced to barberry bushes, and, if weather conditions had 
favored stem-rust development, severe attacks with 
heavy losses might have occurred in that year. 

The first spread of rust from barberries in 1922 was 
noticed in Lake, Livingston, and Will counties at about 
the same time. Mr. Thompson found quack grass and 
oats with a trace of infection near barberry bushes on 
June 10 in Lake County. In Livingston County on June 
9, wild barley growing near a barberry hedge was found 
to be slightly infected. No rust could be found on this 
grass more than fifty yards away from the hedge. On 
June 23, barley growing near barberry in McHenry 
County was heavily rusted, while at a distance of fifty 
feet from the bushes the rust was extremely light. On 
the same date orchard grass and quack grass were found 
rusted near barberry in DuPage County. In almost 
every instance when infected barberry was found, stem 
rust was present on grasses or grains, and probably 
weather conditions alone were responsible for the ab- 
sence of heavy infections. 


AIRPLANE STUDIES OF THE DISSEMINATION 
OF STEM-RUST SPORES 


Airplanes have been used in connection with studies 
of stem-rust spores in the air. 

The purpose of these investigations was to determine 
general relations which might exist between height or 
distance from the infected material and the resulting 
dissemination of rust spores. It includes an attempt to 


4 
| 


5 
‘ 
4. 


4 


206 ILLINOIS STATE ACADEMY OF SCIENCE 


find a correlation between distance from infected bar- 
berries in the direction of prevailing winds and the num- 


ber of aeciospores or urediniospores which might be 
found. 


METHOD USED IN COLLECTING AND EXAMIN- 
ING THE SPORES 


The work of collecting the spores was made possible 
through a cooperative agreement between the United 
States Department of Agriculture and the Air Service 
of the War Department. Slides were exposed from 
Army airplanes stationed at Chanute Field, Rantoul, 
Illinois. The airplanes, piloted by U. 8. Army officers, 
flew from Rantoul to Gurnee, a distance of 150 miles each 
time spore collections were made. The bushes in the 
Gurnee area, previously described, were rusted heavily 
in the spring of 1922 and it was during the period of rust 
infection on the barberry that most of the flights were 
made over this area. 

The apparatus as described in another paper’ consisted 
of ordinary glass slides 3"x1” in size coated with a very 
thin film of white vaseline or glycerine jelly. Each slide’ 
was fastened to a wooden handle and placed in a small 
glass bottle two inches in diameter and four inches high. 
With the use of a close-fitting cork stopper the bottle was 
made air tight. The glass slide was exposed by removing 
it from the bottle and holding the handle with the slide 
attached out in the air above the cockpit of the airplane 
for a definite time at definite altitudes. The microscopic 
examination of the slides and germination tests were 
made in the laboratory. 

Four series of slides were exposed. Glycerine jelly, 
because it is quite transparent when examined under a 
microscope, was used in one series to determine its effect- 
iveness in catching and holding spores. The time of ex- 
posure varied from three minutes in the first, second and 
fourth series to ten minutes in the third series. 

In all cases the slides were examined under a micro- 
scope with a mechanical stage for the purpose of getting 


1Elvin C. Stakman, Arthur W. Henry, Gordon C. Curran, and Warren 


N. Christopher. Spores in the Upper Air. In Journal of Agricultural Re- 
search, Vol. 24, No. 6, May 12, 1923. 
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a close estimate of the spores present on each slide. To 
insure positive identification of all spores, they were 
measured by means of an ocular micrometer and were 
compared directly with type slides which contained the 
various forms. Only spores which were whole and un- 
injured were counted. In addition to aeciospores, ure- 
diniospores and teliospores of Puccinia graminis Pers., 
which were the only spores counted, there were, in many 
instances, large numbers of smut spores, spores of other 
rusts, pollen grains and spores of a considerable number 
of other fungi such as Alternaria. 


RESULTS FROM SERIES 1 AND 2 


The slides of this series were exposed on June 14, 
1922, from an Army airplane over and near the 40-acre 
area of escaped barberries on the H. C. Lake farm near 
Gurnee, Illinois. The barberry bushes were infected 
severely on this date. The wind was blowing from the 
northeast and the observations were made directly 
over the area of bushes, at distances of 10, 15, and 25 
miles south of the area. Each slide was exposed for 
three minutes. A vaseline-coated slide was placed on 
one side of the wooden paddle and a slide coated 
with glycerine jelly on the other; thus, when the paddle 
was exposed, two slides were in position to catch spores 
from the air. Observations show that aeciospores were 
present in the air over the Lake farm at altitudes from 
100 to 12,000 feet. Urediniospores were found at alti- 
tudes of 1,000 to 7,000 feet. Ten miles south of this in- 
fected area, both aeciospores and urediniospores were 
found at an altitude of 2,000 feet. Fifteen miles south, 
aeciospores were found at an altitude of 2,000 feet. 
Twenty-five miles south, only one aeciospore was found 
and this at an altitude of 2,000 feet. 


RESULTS OF SERIES 3 


Slides of this series were exposed from an Army air- 
plane over and near the 40-acre area of escaped barber- 
ries on the H. C. Lake farm near Gurnee, Illinois, on July 
5, 1922. The length of the exposure was ten minutes. 
All the slides were coated with vaseline and two slides 
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were exposed at the same time by attaching two slides to 
each paddle. 

Observations made on this date show that approxi- 
mately the same numbers of spores were present at ele- 
vations of 100 to 2,000 feet. At 6,000 feet there were 
about six-tenths as many spores as at 2,000 feet. At each 
elevation there were twice as many aeciospores as ure- 
diniospores and few teliospores were found from 100 to 
2,000 feet. 

RESULTS FROM SERIES 4 


These slides were exposed on September 18, 1922, and 
the results are given to show the presence of the different 
spore forms late in the season. The exposure period was 
three minutes over an area free from any escaped bar- 
berries, and probably harboring few cultivated bushes. 
No aeciospores whatever were found on microscopic ex- 
amination. A very large number of urediniospores were 
found and a decidedly increased number of teliospores, 
all of which is in direct keeping with the advanced season 
and the other conditions under which the exposures were 
made. 

SUMMARY 


The campaign for the eradication of the common bar- 
berry began in Illinois in the spring of 1918. Practically 
all of the cities and towns were surveyed during the first 
two years. The activities of the past three years have 
been devoted to the farm-to-farm survey of 15 counties 
in the northern part of the State and a resurvey of the 
city properties in these counties. 

Illinois has an unusually large number of escaped bar- 
berries. In most cases, these escaped bushes are growing 
in timber land, brushy pastures, or on rocky hillsides 
which are of rough topography and present serious prob- 
lems of successful eradication. The spread of escaped 
barberries is correlated with the type of soil and topogra- 
phy of the land over which they scatter. Results of ex- 
periments show that the most feasible method of killing 
barberry bushes in rocky situations is by the application 
of salt. An average-sized bush can be killed with 10 
pounds of common crushed rock salt piled over the crown. 
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The cost per bush for the salt and application ranges 
from ten to fifteen cents. 

Epidemiology studies show that barberry bushes are 
directly responsible for the early spread of black stem 
rust to fields of grain. The aecial stage of stem rust was 
found on barberry bushes in northern Illinois as early 
as June 10 in 1922. 

Observations made by airplane flights show that in 
June and July aeciospores were present in the air over 
infected barberries. Also, these spores were caught in the 
direction of the prevailing winds from 15 to 20 miles 
from any known area of infected barberries. From 
flights made on September 12, 1922, no aeciospores were 
obtained in the air, but numerous teliospores were 
caught. 
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GROWTH STUDIES OF CERTAIN BOTTOMLAND 
SPECIES IN SOUTHERN ILLINOIS 


C. J. Tetrorp, Naturat History Survey, Urpana 


The study of tree growth has always had a certain 
scientific interest. Now since we know that the virgin 
stand of timber amounting to 138,000,000 acres out of an 
original stand of 822,000,000 acres will be cut out, in all 
probability, within the next 50 or 100 years and that 
we must turn to the cut over lands and to plantations as 
future sources of supply, growth studies assume greater 
economic importance. 

The two great classes of lumber—hardwoods or broad 
leaved trees and softwoods or conifers—are graded ac- 
cording to different specifications. The hardwoods are 
graded largely upon appearance and beauty; the soft- 
woods largely upon strength, which in their case can be 
secured from immature trees, but clear lengths can not, 
this having been well exemplified in the choice of Sitka 
spruce for aeroplane stock. 

In general, hardwoods require better soil, produce 
fewer trees to the acre and have a slower rate of growth 
than conifers. They must be carried over a long inter- 
val to produce the desired grades and sell for but little 
more than softwoods in the market. 

Among the hardwoods the growth rate varies widely 
as to species; within the species also the growth rate var- 
ies as to site, but the height growth rate for the same 
species on similar sites is remarkably uniform, so that 
it is used in site classification. 

The fact’that different species grow at different rates 
is so well known that it needs no proof. That the same 
species may have a very different growth rate upon up- 
land. than upon bottomland sites is brought out in the 
study of sycamore (Platanus occidentalis). At fifty 
years of age sycamore growing upon the uplands in Ran- 
dolph county averages sixty feet in height as compared 
with ninety-two feet for the same age on the Mississippi 
bottomlands of Union County. The fifty year upland 
tree has an average diameter on the stump inside the 
bark of 8 inches and the bottomland tree of 24.2 inches. | 
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That the growth rate in height for the same species 
on similar sites is very uniform is brought out by study 
of pin oak (Quercus palustris). Measurements were 
taken in Gallatin county on pin oak growing on gray clay 
subject to flooding from the Wabash, and in Union county 
for the same species on drab clay subject to flooding from 
the Mississippi. The height growth of the average tree 
for each at 50 years is 68 feet, and at no period between 
5 and 65 years is there a variation of more than one foot 
in the height of the average tree for these widely separat- 
ed stands. 

Comparing the rate of growth in height for the com- 
mon upland commercial species with that of the bottom- 
land species of the state, the studies show that the up- 
land species grow in height about 70% as fast as the bot- 
tomland species and in diameter about 55% as fast. Thus 
it is apparent that if the growing of hardwood timber 
crops is going to be profitable anywhere the bottomlands 
present the more favorable conditions. 

Comparing the height growth of the eight bottomland 
species studied there is a noticeable grouping. The in- 
tolerant cottonwood (Populus deltoides) and sycamore 
(Platanus occidentalis) show an average annual height 
growth of more than two feet for the first 50 years. The 
honey locust (Gleditsia triacanthos), soft maple (Acer 
saccharinum), and pin oak (Quercus palustris) have an 
average height growth of 1.4 feet for the same period. 
The elm (Ulmus Americana), ash (Fraxinus Americana) 
and hackberry (Celtis Mississippiensis) average slightly 
less than 1 foot per year. Thus in rate of volume 
growth for average individual trees the listing would be 
in order of importance, cottonwood, sycamore, pin oak, 
honey locust, soft maple, ash, elm and hackberry. 

Where these studies were made the soils are rich and 
moisture abundant. Thus the factor controlling both 
the occurrence of any one species in the mixture and its 
rate of volume growth is available sunlight. Abandoned 
river channels generally have seedlings in abundance of 
several species, but the rapid growth rate of cottonwood 
and sycamore soon places these above their competitors 
and results in a belt of these intolerant trees. But the 
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more tolerant species, while not competing with the over- 
wood of cottonwood and sycamore, will persist at a 
slower growth rate, or will seed in under the tolerant 
trees. With the removal of the latter the site will be oc- 
cupied and held by the elm, maple, oak, hackberry, honey 
locust and ash. 

Within this grouping of the more tolerant species there 
will be a sharp struggle for crown space, and the check 
in crown expansion will be reflected in a correspondingly 
poor diameter growth. 

Thus, under the conditions which exist in these all-aged 
stands, the two species which show unusually rapid 
growth are the species which must have an abundance of 
sunlight; therefore they occur locally in the bottomland 
as an early stage in the transition from the new land to 
the ultimate forest, and where occurring, make a uni- 
formly high rate of growth. 

In attempting to grow either sycamore or cottonwood 
in pure even-aged stands the average diameter growth 
would probably be less than that of these same species 
growing in a mixed stand, for the reason that in the | 
mixed forest the sycamore or cottonwood carry their | 
crowns well up above the other species with consequently © 
more leaf exposure to sunlight. The average diameter 
growth of the more tolerant species grown in pure even- 
aged stands probably would be increased, because at no 
period of their growth would there be an overwood with 
consequent suppression. In the management of such 
even-aged stands the suppression resulting from lateral 
crowding would be modified by thinnings in the plan- 
tation. ’ 

In the natural grouping of this all-aged virgin bottom- 
land stand the average yield per acre is 15,000 B. F. The 


‘average age of the merchantable trees is slightly over 


100 years. Cottonwood and sycamore made a diameter 
growth inside the bark on the stump of 20 inches in 40 
years, pin oak in 58, honey locust in 57, soft maple in 59, 
hackberry in 125, elm in 127, and ash in 150 years. 

In conclusion, it seems evident that the highest re- 
turns can be secured from a naturally stocked bottomland 
area by encouraging the sycamore, cottonwood, pin oak 
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and maple. Probably the honey locust should be consid: 
ered as a desirable species but hackberry and elm grow 
altogether too slowly and have no special merit. Ash 
has an extremely low rate of growth and its encourage- 
ment is justified only by the high market value of the 
wood. The highest returns from artificial plantations 
would probably be derived from cottonwood and syca- 
more, but such a plantation requires a cleared field and 
involves almost prohibitive initial investments except on 
land which is subject to overflow and is not liable to be 
for some years in an organized drainage project. 
April 26, 1923. 
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BOGS OF NORTHERN ILLINOIS—II 
W. G. Warerman, NorTHWEsTERN UNIVERSITY. 


At the 1921 meeting of this academy the writer briefly 
described four bogs located in Lake County, Illinois, and 
mentioned several others which had been heard of or seen 
in the distance, but not visited. In the present paper 
five others are described and some data are added to the 
descriptions already reported. There is still certainly 


one and possibly several others which have not - been 
visited. (Fig. 1.) 


The new bogs, both those visited and those reported, 
are in the same general region, already described. That 
is, they are all within the limits of the late Wisconsin 
Drift of the Valparaiso moraine which is characterized 
by a soil consisting of clay or gravel, frequently con- 
taining a large percentage of calcium carbonate, and 
having an uneven topography, orginally with many knobs 
and kettle holes. Most of these depressions have been in- 
cluded in the drainage systems of the rivers of the region, 
but a section in western Lake and eastern McHenry 
Counties on the edges of the drainage basin of the Fox 
and DesPlaines Rivers still contain a few poorly drained 


or undrained depressions, and it is in these that the bogs 
are found. 


For a thorough understanding of these formations at- 
tention should be called first to the present distinction 
between bog and swamp, which is based partly on the 
character of the habitat and partly on floristic content. 
A bog is characterized in general by a xerophytic vegeta- 
tion and by the presence of such special forms as thie 
pitcher plant, drosera, cranberry and sphagnum, which 
are accompanied usually by an acid condition of the sub- 
stratum. In a swamp, on the other hand, the characteris- 
tic bog plants are absent and the substratum is alkaline 
or neutral, There are, to be sure, occasional anomalous 
communities in which a few bog species are present, al- 
though the conditions in general would seem to indicate 
a swamp. In the main, however, the distinction is fairly 
well marked, and in many cases it is so well defined that 
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Fig.1. Location of bogs in Lake and McHenry Counties. Black circles indi- 


cate bogs described; black squares, bogs reported but not yet visited. 
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swamp and bog zones may be distinguished clearly within 
the limits of the same depression. 

The typical succession of communities in swamps in- 
clude (1) free floating aquatics such as algae and pond- 
weeds in deep water; (2) aquatics whose roots are in the 
soil of the bottom but their vegetative parts float on the 
surface, as the waterlilies; (3) plants which root in the 
bottom but have a large part of their vegetative parts 
above water, as bulrushes, cattails and pickerel-weed; 
(4) plants which grow in water or very wet soil, as 
sedges; (5) water-loving shrubs, chiefly willows; (6) 
swamp trees, as the ash and elm; and (7) the plants of 
the surrounding uplands when the substratum becomes 
solid and dry. 

The first three stages of the bog succession are the 
same as those of the swamp, but at the fourth stage the 
characteristic bog plants begin to appear, usually on a 
floating mat made up of the roots and rhizomes of sedges 
and low woody plants with a filling of sphagnun. The 
characteristic shrubs are Chamaedaphne, Andromeda, 


Vacciniums and the dwarf birch, and the chief bog tree is 
the tamarack followed by, the upland plants as in the case 
of the swamp. 

By the identification of these stages, the progress of 
the succession and the consequent maturity of the bog or 
swamp may be determined. 


CHARACTERISTICS OF HABITATS 


The depressions in which these bogs are found are all 
similar in general features except in shape, as they vary 
all the way from small circular bowls or kettles 200 yards 
in diameter, to large oval or irregular basins half a mile 
or more in length. The most irregular is the group con- 
taining four bogs about a mile northwest of Volo, which 
will be found to be quite similar in general outline to the 
drained depression which contains the Fox-Pistakee 
group of lakes. The profiles of the larger depressions 
are similar also, usually including broad stretches of 
shallow, gently sloping plains which extend from the sur- 
rounding uplands to a deep pocket more or less centrally 
located. These bordering plains are wet and swampy at 
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times of high water but may become quite dry in the late 
summer and fall. The line between these plains and the 
surrounding uplands is always clearly marked and shows 
evidences of shore erosion, as if it had marked the shore 
line of a lake which filled the whole depression at some 
time in the past. 

The uplands show a marked alkalinity, and the glacial 
material of which they are composed contains many 
boulders and pebbles of lime-stone. The low flat borders 
are also alkaline, while the substratum under the bog 
vegetation is uniformly acid. The soil of the plains con- 
sists of black peat or muck, sometimes interbedded with 
sandy wash from the uplands, but this deposit is very 
shallow, not being more than six feet deep at the maxi- 
mum. At the edge of the bog vegetation the bottom drops 
off rapidly and the character of the peat changes to a 
dark yellowish brown and contains fragments of bog 
plants. This kind of peat underlies all of the bog vege- 
tation, and is everywhere over ten feet in thickness and 
probably much thicker in the central parts of the bogs. 
Many borings have been made in all of these bogs to a 
maximum depth of ten feet, and the data obtained con- ° 
firm the finding of Burns (1) and indicate that the condi- ° 


tions he reports as to greater depths would hold good 
here also. 


DESCRIPTIONS OF INDIVIDUAL BOGS 


In many ways the most interesting bog is the one lo- 
cated on Cedar Lake and numbered 1 in the first report 
(4), as it is small in relation to the size of the lake and 
is evidenfly very immature. (Fig. 2.) On the open edge 
in the lake it is in the first bog stage, that of the quaking 
mat, and the shrub and tree stages are only beginning to 
appear. The bog mat is only about 100 yards wide, and be- 
tween it and the shore is a swamp zone of about the same 
width. (Fig. 3.) The depth of the water gradually in- 
creases from the shore to the edge of the bog mat where 
it is about 6 feet, and from there it rapidly deepens, going 
beyond 10 feet in a short distance. Soundings beyond 
that depth have not yet been taken, but according to local 
opinion the lake is very deep just beyond the edge of the 
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Fig. 2. Map of Cedar Lake showing location of immature bog. 
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bog while all other parts of the lake are relatively shal- 
low. 


Another feature of interest is a small island or patch of 
floating mat which is forming very rapidly about 300 
yards off the center of the bog. It appeared about five 
years ago and was at first only a few yards across. In 
1922 it was L shaped, each arm being about 20 yards long, 
but it is not yet solid enough to bear a man’s weight. The 
plants are mostly sedges with some Decodon verticillatus, 
a very important mat-forming shrub. (Fig. 4.) 


At the other extreme of maturity is the bog near Wau- 
conda already described (4—No. 4) and one near Antioch 
in S. E. corner, Section 15, T. 46 N., R. 10 E., about three 
miles southeast of Antioch. The Antioch bog occupies a 
small, almost circular depression about 300 yards in di- 
ameter with a relatively narrow swamp zone on the north, 
east and west, but with a long flat valley on the south. 
The shrub zone is narrow, and consists chiefly of choke- 
berry and winterberry with some red ozier dogwood, 
swamp blueberry and elder. The tamarack forest is 
very mature with solid substratum and large trees, and 
there are also several upland specimens present, includ- 
ing a yellow birch 10 inches in diameter and several red 
or ellipsoid oaks, and occasionally choke cherries, trem- 
bling aspens and mountain ashes; and one service berry 
was noticed. (Fig. 5.) 


The undergrowth is most mesophytic in the eastern 
half of the forest with few bog relicts, but including 
Maianthemum, Trientalis, Smilax, Geum, Onoclea sensi- 
bilis, Osmunda regalis, Asplenium sp., but in the western 
half there are fair sized patches of sphagnum, a few 
pitcher plants, and one specimen of menyanthes was ob- 
served. The east side is more open, many tamaracks 
have been overturned or cut, and there are few shrubs 
except red ozier dogwood which was abundant locally. 
There is a wide swamp zone on this side with quite 
abundant dwarf birch. Although the substratum is dry 
in autumn, the drift material in the bushes indicates 
temporary water levels of 2 to 3 feet above the surface in 
times of heavy precipitation, probably in the spring. 


/ 
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The Wauconda bog occupies a larger and more irregu- 
lar depression with.a broad shallow extension to the 
south east, apparently a large bay in the time of pre- 
historic high water, and a curving valley to the north- 
east which apparently connected the prehistoric lake with 
the depression now occupied by Bang’s Lake. Both of 
these extensions are now occupied by swamp vegetation 
while the bog is confined to a rounded triangular depres- 
sion to the west. The standing forest is similar to that 
of the Antioch bog, but the western half of the triangle 
was cut over about fifty years ago and is now a mixed 
secondary association containing scattered young tama- 
racks along the borders, a large number of dwarf birches, 
sedges and grasses, and among the stumps af the origi- 
nal trees, relicts of the undergrowth of the original forest, 
including Linnea, Cornus canadensis, with Leucobryum 
and other mosses. The central portion of the cut areais , 
low, and apparently holds a small pond at times of high 
water as it contains vigorous colonies of Typha, Phrag- 
mites and other early-stage swamp plants. 

The most mature bog found is in the small pocket near 
the Allandale farm already described (4—No. 2), and 
there is nothing to add to that description. 

The most interesting group of bogs is found in two ad- 
joining depressions northwest of the town of Volo, one of 
which was partly described as the Volo bog (4—No. 3), 
but it has been found to be surrounded by three other 
bogs which are quite as interesting. From the map in 
Fig. 6, it will be seen that there are three contiguous de- 
pressions not actually connected with each other which 
contain four formations of very different character. The 
bog described as No. 3 in the preliminary report (4) ad- 
joins the George Sayer Farm No. 3, and therefore will 
be known as the Sayer bog. This was treated fully in that 
report and little needs to be added to the description. It 
seems almost certain that a twig of ledum was brought in 
among other specimens at the time of the first visit to the 
bog, but the twig was not preserved as it was supposed 
that if it was found so easily in a preliminary reconnois- 
sance, it would be located easily later. Careful search 
subsequently has failed to find any trace of this species 
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and, while it is possible that there may be one or more 
specimens in the heart of the forest, its presence has not 
as yet been confirmed. On the other hand, Andromeda 
polifolia, not included in the first report, has been found 
to be rather common. The winterberry (Ilex verticillata) 
is a prominent shrub on the west border of the forest and 
there are a few small specimens of yellow birch and oaks 
in the western part of the tamaracks. The inner edge of 
the swamp zone, especially in the west and north, carries 
a dense growth of Bidens and other ruderals, which grow 
so luxuriantly to a height of five feet or more as to make 
passage through them rather disagreeable. 

The pond in the center of the forest was found to be 
oval in shape and about 100 yards in length by fifty in 
width, and surrounded by a quaking mat of from 50 to 
100 yards in width. Old inhabitants say that the pond 
occupied the whole of the open area when first visited 
about fifty years ago, and that the quaking mat has in- 
creased to its present width since that time, reducing the 
pond to its present size (Fig. 7). The open mat is made 
up of sedges, sphagnum, buckbean (Menyanthes trifoli- 
ata), marsh fern (Aspidium thelypteris), and large colo- 
nies of cattail on the edge of the pond itself. The clear 
water in the pond is not over a foot or two in depth and 
its bottom is apparently composed of soft peat. 

Northeast of the Sayer bog but separated from it by a 
low ridge about 200 yards wide, traversed by an east and 
west road, is an oval depression about one quarter of a 
mile long by one eighth wide extending northeast and 
southwest, which formerly carried a tamarack forest 
growing on a sphagnum mat. The tamaracks were cut 
some time ago and their stumps are buried a foot or more 
by a thick growth of chamaedaphne and of sphagnum, 
which is climbing vigorously among the stems of the 
chamaedaphne. There are several small colonies of 
pitcher plant and occasional patches of sedges with cran- 
berry and some blueberries. There are scattered speci- 
mens of dwarf birch, one large dead tamarack and five 
or six very young living trees near the center of the bog, 
and eight or ten others at the northwest corner. On the 
east side of the bog is a long belt of dense dwarf birch, 
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and beyond that a swamp zone with swamp fern and 
sedges and some iris and swamp cinquefoil along a small 
drainage ditch. The edges of the bog are now being 
drained toward the center, but the draining of the whole 
bog would be an expensive matter owing to the height of 
the surrounding ridges. The surface has been burned 
repeatedly and the swamp zone is now occupied by a 
scanty growth of ruderals. 

About one half a mile to the west of these two bogs is 
a long L-shaped depression which contains two separate 
tamarack groves indicated on the map (Fig. 6) and 
originally referred to as No. 7 and 8. One is long and 
L shaped, running north and south, and the other, ap- 
proximately round, at the end of the western arm of the 
depression. The north end of the depression is large and 
rounded and the tamarack grove occupies only the west- 
ern half of this enlargement, while the eastern half con- 
tains a crescent shaped pond which narrows rapidly 
toward the south and disappears about the middle of the 
tamarack forest. 

The substratum is fairly solid under the tamaracks, and 
its upper surface consists largely of tamarack needles 
but below it is composed of dark brown peat. Both at the 
surface and below to a depth of six feet it gives a neutral 
or alkaline reaction. On the east side of the tamaracks 
between the forest and the small lake is a small morainic 
knoll covered with oaks, and beyond this knoll the sub- 
stratum becomes a quaking mat which contains no char- 
acteristic bog plants and is underlain by a soft muck 
which is strongly alkaline and contains many small, 
white, caleareous fragments apparently of gastropod 
shells. This. swamp mat surrounds the southern pointed 
end of the lake and in that locality contains dense colon- 
ies of cattail, bulrush and reed grass (Phragmites). The 
main body of the mat consists of grasses and sedge and 
swamp mosses with some swamp cinquefoil, St. John’s 
wort and several colonies of fringed gentian. 

The tamarack forest has been cut in places, but where 
relatively untouched the growth is dense and contains 
many trees up to 10 and 12 inches in diameter, with at 
least one of twenty inches. A 4-inch stump showed 40 or 
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50 very narrow rings while one of 10 inches showed 75 
rings divided into zones which varied considerably in the 
thickness of their rings. On account, perhaps, of the 
dense shade and the carpet of needles the undergrowth 
in the center of the forest was scanty but contained much 
minium, some patches of marchantia, one species of aster 
and some fungi, especially several specimens of Helvella. 
The southern portion of this forest and the western grove 
are less dense and the trees are smaller. 

The swamp zone is narrow along the west side and on 
the east side below the northern basin which contains the 
lake, but the western depression has wide extensions both 
to north and south, which are filled with grass hummocks 
with occasional specimens of dwarf bireh. The shrub 
zone is narrow and scanty toward the north, the chief 
species being Cornus paniculata and saplings of balsam 
poplar. From the center south and west it consists of 
an almost pure stand of swamp sumach which, taken with 
the specimens on the Sayer bog, constitute much the 
largest display of this plant to be found in the State. The 
topography of the bottom of the original depression is 
similar apparently to those of the other depressions,— 
shallow in the swamp zones but much deeper under the 
tamaracks. Where the swamp zone is narrow, the bottom 
drops away rapidly, but in the broad bay-like extensions 
the slope is very gentle. 

The last bog of those so far studied is located in the 
N. W. corner of Section 35, T. 46 N., R. 10, E. about a mile 
west of the village of Millburn. In many respects it re- 
sembles the one located northeast of the Sayer bog, but 
it has some distinctive features of its own. There are no 
tamaracks visible and no sign of their former presence 
although, as there was no ditching going on, there was 
nothing to show whether or not a former forest had been 
cut in the past. 

The depression is a broad oval extending northeast and 
southwest and measures about 500 yards by 300, bordered 
by the usual swamp zone which is narrow on the north 
and east, but with broad extensions to the south and 
southwest. Within this swamp zone the substratum is 
covered by a thick mat of sphagnum with much cranberry 
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and many colonies of pitcher plants. A peculiar feature 
of this bog is the tendency of several species to form 
dense local colonies of almost pure stand. Among such 
species were noted dwarf birch, andromeda, dewberry, 
marsh fern, and violet; and cattail in the swamp zone on 
the northwest. Less common species were cotton grass, 
swamp cinquefoil, and the mosses Polytrichum and 
Leucobryum, a few saplings of trembling aspen, two 
willows, and one specimen each of winterberry and moun- 
tain ash. 

A very dense belt of shrubs, almost as long as the bog 
mat and ranging from 15 to 30 feet wide, runs parallel 
with the southeast side of the oval and about 20 feet 
within it. 50 to 75% of the specimens are dwarf birch 
which grows there very dense and 5-7 feet high. There 
were also much winterberry, chokeberry, some elder, five 
or six oaks 10 feet high, and many trembling aspen sap- 
lings. The ground occupied by this shrub belt seemed to 
be a low sand bar rising a foot or two above the level of 
the mat, but as no borings were taken at this bog, the un- 
derground topography can only be guessed at. 


DISCUSSION AND CONCLUSIONS 


The chief interest in these bogs lies in the fact that 
they are the only examples remaining in Illinois of a type 
of plant formation common in most of our northeastern 
states and very abundant farther north. The distribu- 
tion of deep peat deposits as shown by the soil map of 
Illinois would indicate that these bogs were much more 
common in Illinois in fairly recent geological times, 
though a careful examination of the peat would be neces- 
sary to determine whether it was formed in a bog or in a 
swamp. 

The correlation between chemical condition and depth 
of the substratum and the character of the vegetation is 
important on account of its bearing on the theories of the 
causes of xerophytism in bog plants. In these bogs the 
substratum on which the bog plants grow is found to be 
of considerable depth and acid in character, while the 
swamp plants are found on a shallow substratum which 
gives a neutral or alkaline reaction. 
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Fig. 6. Map of group of bogs northwest of Volo. 
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In summarizing the various theories of bog xerophy- 
tism, Rigg (2) regards four as of chief importance, and 
considers that these are; acidity, difference between air 
and soil temperature, lack of aeration of the substratum, 
and toxic substances in the substratum. It will be seen- 
that the conditions in these four theories fit in with the 
observed relation between the distribution of bog plants 
and the depth of the substratum. In the broad shallow 
portions of the depressions the water is stirred up con- 
tinually by the wind and mixed with finely divided matter 
from the uplands, thus insuring aeration, neutralization 
of acids, absorption of toxic substances, and a tempera- 
ture more nearly the same as that of the air. The situa- 
tion in the deep substratum would be just the opposite 
and would favor the development of conditions which 
would permit the growth only of plants with a structure 
more or less xerophytic in character. 


The absence of sphagnum and other bog plants from 
depressions with an alkaline substratum has been re- 
ported before, but the experiments of Transeau (3) who 
succeeded in growing sphagnum in the laboratory in 
water containing 100 parts of calcium carbonate to the 
million, have usually been interpreted as overthrowing 
the theory that presence of calcium salts is the reason 
for the absence of sphagnum. This experimental evi- 
dence does not seem to the writer to be conclusive, for 
either conditions in the field might be different in other 
important respects from those in the laboratory, or the 
conditions governing the germination and establishment 
of sphagnum might be different from those affecting the 
mature plant. 


In the bogs under consideration all other conditions 
except the acidity or alkalinity of the substratum seem to 
be the same in Nos. 7 and 8 as in the remaining bogs, so 
it would seem as if the presence or absence of calcium 
must be the limiting factor for the sphagnum. Experi- 
ments in transferring sphagnum and other bog plants to 
‘parts of bogs from which they are now absent are in 
preparation, and it is hoped they may throw some light 
on this question. 
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Complete lists of the species found in the different bogs 
have not as yet been completed, but an examination of the 
lists of the dominant species (Fig. 8) shows interesting 
anomalies. Apart from the absence of the usual bog 
plants in 7 and 8, the dominance of chamaedaphne in 5 
and of andromeda in 2 is the most striking. These two 
bogs are very similar in all other respects and there is no 
obvious explanation of this marked difference in the pres- 
ence of two species so closely related both taxonomically 
and ecologically. 

Another point of great interest is the maturity and the 
rate of development of the bog mat in the different de- 
pressions. Bogs 1, 4, 7, 8, and 9 (Fig. 8) show by the 
condition of the substratum and the presence of members 
_of the upland forest that they have reached a condition 
of considerable maturity, while 6 is intermediate and 3 is 
very young. Furthermore, the evidence, both from the 
formations themselves and from human testimony, shows 
that there has been a very rapid increase of bog mat 
formation within the memory of man. If these bogs have 
been in existence since the glacial period, as has been the 
generally accepted view, it is necessary to account for the ~ 
sudden speeding up of their development in recent years. 
If, on the other hand, No. 3 is of recent origin, it is 
equally difficult to explain how the conditions which pre- 
vented its origin for a very long period became changed 
so as to permit its start in recent years. From observa- 
tions of these bogs and also of similar formations in Ben- 
zie County, Michigan, (5, p. 27) it is the opinion of the 
writer, that a recent lowering of the water levels in all 
of these depressions may have caused the change in con- 
ditions which made possible a recent increase in bog mat 
formation. Further study will be necessary before any 
final decision can be reached on this question. 
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TITLES FOR ILLUSTRATIONS. 


Location of bogs in Lake and McHenry Counties. Black cir- 
cles indicate bogs described; black squares, bogs reported 
but not yet visited. 


Map of Cedar Lake showing location of immature bog. 


View over immature bog on Cedar Lake with floating island 
in distance. 


Close view of floating island in Cedar Lake. 


Yellow birch with slender stems and large tamarack in ma- 
ture forest in Antioch Bog. 


Map of group of bogs northwest of Volo. 
Pond in center of Sayer Bog. 
Table of distribution of plant species in bogs. 
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FARM WOODLOTS IN ILLINOIS 


W. F. Scureeper, Narurat History Survey, Ursana 


The acreage of farm woodlots in Illinois as given by 
the 1920 Census amounts to 3,102,579 acres, and the value 
of woodlot products was $6,259,000. Taking into con- 
sideration the value of this asset it seems that a brief 
discussion of the farm woodlot in Illinois would not be 
out of place at this meeting. 

Some studies had been made as to the value of farm 
woodlot products as they contribute to the farmer’s liv- 
ing (Funk ’14) and the use of wood for fuel (Bulletin No. 
753, U. S. Department of Agriculture, Office of Forest 
Investigations), but not until recently have studies been ° 
made as to the economic value and possibilities of the 
farm woodlot. Perhaps the most recent information on 
this subject is contained in an unpublished manuscript 
in the files of the Forest Service, by Mr. E. F. Hodgson, 
on ‘‘Farm Woodland Eeonomics’’. 

The results which are presented in preliminary form 
in this paper have been derived from a study made of 
farm woodlots in Illinois, partly by personal visitation 
to farmers in certain townships and partly through the 
questionnaire method. It is a part of the whole subject 
of forest economics of the state, for the study of which 
Pfofessor H. H. Chapman, professor of Forest Manage- 
ment in the Yale School of Forestry, was employed part 
time last summer by the Natural History Survey and 
upon which he will later present a detailed report. 

During the year 1922 questionnaires were sent out to 
1,600 farmers in every county in the state. Lists of farm- 
ers from various counties were sent in by the county 
farm advisers and contained the names of those most 
likely to have farm woodlots or to be interested in the 
same, although many were ‘‘corn-belt farmers’’. Ques- 
tions were asked not only concerning the acreage of the 
farm in woods and the amount of timberland grazed, but 
also regarding the amount of wood and coal burned, the 
number of fence posts used and the amounts of various 
products cut from farm woodlands for the last five year 
period with the prices received for the same, as well as 
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local prices for lumber, fence posts and shingles. One 
question dealt with the durability of various species for 
fence posts and another with the attitude of the farmer 
towards annually burning over the woods. About 440 of 
these questionnaires, completely or partially filled out 
on these various points, were returned to the Natural 
History Survey and the figures resulting from averaging 
the data may be of interest. 


GENERAL FACTS 


The average farm contained 354 acres. Fifty acres, 
or about 14 per cent of the average farm, was woodland. 
Compilation of results on clearing for farming and pas- 
turage showed that within the next few years this 50 
acres is to be reduced to 34 acres, or there will be a re- 
duction of 31 per cent of our present timber stand for 
the farms represented. The 16 acres which is slated for 
clearing will be about equally used for farm and pasture 
land. Inquiry as to the amount of land which might be 
planted or reforested showed that an average of five 
acres should be planted, being considered more valuable 
for forestry than for farming. The average amount of 
forest plantation for each farm was only one acre. 


The value of the woodlot to the farmer as revealed by 
the answers is considerable. From his woodland he se- 
cures on the average 223 posts, or nine more wooden posts 
than he needs to keep his fences in repair. 


Besides furnishing him with fence posts, this same 
woodlot yields 15.5 cords of wood annually to its owner, 
and during the last five year period has supplied him 
annually with 2,863 board feet of lumber, about two- 
thirds of his total needs in this line. While as a rule 
the farmer takes less care of his woodlot than of his 
other crops, in addition to the pasture it yields him, his 
average annual return from it, according to our figures, 
is as follows: 


Total yield 
Price per piece per farm 

Amount or number of pieces cord or M. feet per annum 
2863 board feet of lumber............... $31.30 per M. feet.... 89.61 
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INDIVIDUAL EXAMPLES OF PROFIT 


Some examples of individual profit from farm woodlots 
stand out conspicuously. The answer on one in particu- 
lar, where the farmer said ‘‘that there was not enough 
timber around here to bother with’’ shows that he ob- 
tained from 17 acres 60 to 70 cords of wood for himself 
and tenant, valued at $247.50, 125 fence posts and 600 
feet of farm lumber. 

Besides, on eleven acres of the same woods he had pas- 
tured three head of cattle, four horses, and 250 hogs 
from May to November. When we consider that a fair 
price for pasturing stock is about $2.00 per head per 
month we must conclude that this 17 acres of woodland 
yielded a return fully equal to some of the owner’s farm 
land. . 

DURABILITY OF FENCE POSTS 


The figures given on durability of native timber for 
fence posts, while, of course, a matter of opinion by the 
farmers who have answered, agree very well with figures 
on the durability of untreated fence posts given by the 
Forest Products Laboratory at Madison, Wisconsin, by, 
the Ohio Agricultural Experiment Station, and by the 
Iowa State College. Soft maple stood lowest in the list 
with a durability of 2.4 years; white oak, which is taken 
‘usually as a standard in service tests, was rated at 9 
years, catalpa was rated at 15 years, cedar at 13, black 
locust and mulberry at 17 years each, while osage orange 
or ‘‘hedge’’ had an average rating of 36 years. We have 
seen specimens of osage orange posts which had been in 
the ground 35 years, so that we can rely on the latter 
figure as being not far from correct. Black locust and 
red mulberry are next to osage in order of durability. 


WOODLOT MANAGEMENT 


The three principal factors influencing successful 
woodlot management in Illinois are grazing, fire and 
taxes, and these will be considered in order. 

(a.) Grazing. This is a state-wide’ practice. Results 
from the questionnaires show that 84.5 per cent of all the 
woodland owned by 212 farmers who replied to that par- 
ticular question is subject to grazing. 
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Definite figures have not been obtained as to the amount 
of woodland pasture required to support a single head of 
stock, but most farmers agree that grass under the shade 
of trees has much less nourishment in it for stock than 
that grown in full sunlight. Farmers in southern IIli- 
nois place its value for forage at about one-fifth of that 
of good bottomland pasture. Hodgson estimates the 
value of woodland pasture at 24 acres required for 10 
head of stock or 2.4 acres required per head. 


DAMAGE DUE TO GRAZING 


It is very easy to see the damage done by grazing, 
first to the trees and reproduction, and second to the soil. 
The bark of the mature trees is damaged by rubbing, the 
tender shoots forming the young growth are eaten off, 
and seedlings are trampled out and killed. 

Forest soil which is normally moist and porous and 
ideal for the growth and reproduction of trees is packed 
hard, and growth is either retarded or completely 
stopped. The soil, where packed by the hoofs of graz- 
ing animals, becomes dry and dusty and the rain instead 
of soaking into the ground runs off rapidly, leading 
_ finally along paths to the formation of gullies. 

In LaSalle county Dr. George D. Fuller states that 
not over 5 per cent of the grazed woodlands show any 
reproduction; that in the last 25 years there has been 
but little change in the timber; and that grazing has 
produced woodlots which had better be called ‘‘ wooded 
pastures’’, so scattering are the trees. 

The need of shade for cattle is advanced as an excuse 
for grazing the woodlands, and this is perhaps quite as 
important as the forage which the cattle obtain. Shade 
for stock can be provided by fencing off a portion of the 
woods sufficient to supply shade, thus shutting out the 
stock from the more valuable woodland. The numerous 
photographs which have been taken by the Forest Survey 
party show very forcibly the effects of grazing, leading 
us to say that good timber and good grazing are impos- 
sible on the same tract. 

(b.) Fire. Fire, the second problem of the landowner, 
varies greatly with the region. The woodland tracts of 
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northern Illinois are sufficiently isolated to confine fires 
to relatively small areas. The tracts in southern IIli- 
nois, however, are more continuous and public sentiment 
against burning is not so well developed. Results com- 
piled from the questionnaires show that out of 217 farm- 
ers 80 per cent were against and 20 per cent in favor 
of annual burning. Out of 296 answers, causes for fires 
were assigned to the following: 


Campers and hunters ................. 103 
Burning to kill insects................. 37 
Brush and grass burning.............. 32 


It can be seen from this list of causes that about 89 
per cent of the fires are due to man and are preventable. 
One fourth of this 89 per cent are set by farmers 
themselves under the pretext of killing insects or, 
benefiting grazing. Burning over the entire woodland 
to kill chinch bugs is inexcusable (Flint ’22) since in- 
vestigations on the edges of woods have shown that at a 
distance of 50 feet about 90 per cent of the bugs are left 
behind, as they seek the sunny edges of the woods, being 
found mostly on the south and west sides. The burning 
of a narrow strip around the timber would not only kill 
the greater per cent of them but make a satisfactory fire 
guard to prevent the entrance of fires. As to benefiting 
grazing, the idea is prevalent that the ashes of the 
burned grass act as a fertilizer, but this is probably 
more than counterbalanced by damage to the roots of the 
grass. Wherever there is a rail or ‘‘worm fence’’ around 
the woods we usually find that fires are kept out, as 
farmers do not like to rebuild their fences, and this is 
true especially in southern Illinois. 

(c.) Taxes. In spite of answers from farmers in 
certain sections showing that taxes were excessive on 
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timberland and tended to its conversion into use for 
farming or pasturage, there was considerable opposi- 
tion from farmers themselves, if we can believe news- 
paper reports, to the proposed clause on that subject in 
the new constitution which read thus: ‘‘Areas devoted 
to forests and forest culture shall be classified for or ex- 
empted from taxation’’. 

The main objection stated was that ‘‘owners of fine 
landed estates would escape taxes by listing their grounds 
as woodland, thus adding to the tax burden of the dirt 
farmer’’. The object of the clause was simply to allow 
some kind of classification of forest land, with exemp- 
tion perhaps of young timber not yielding any revenue, 
and the interests of the ‘‘dirt farmer’’ could have been 
amply safeguarded in the tax law by prescribing that 
land to be classed as forest must have a certain number 
of trees per acre, thus avoiding any chance of the wealthy 
owner of an estate having his few ornamental trees 
listed as a forest. 

Over against such hastily formed conclusions as the 


* above opposing some sort of forest land classification, 


are such statements as these from farmer’s question- 
naires: ‘‘The average landowner cannot afford to main- 
tain forest land as taxes, and lack of income on the in- 
vestment will put him in the County Home’’. ‘All of 
this sandy land is now taxed far beyond its worth. My 
tax last year on 300 acres was $158.90. My largest in- 
come from this 300 acres was $275, with 700 rods of 
fence to keep up’’. These statements certainly look as if 
some tax reform was needed, but of course they are only 
isolated examples. 

As it is at present, matters are largely in the hands 
of the local assessor as to how much tax is paid upon a 
piece of timber. So far as we know, no consideration is 
taken of the age of the timber, its yield per acre, or the 
nearness to the time for cutting. 

There is not time here to discuss the admitted failure 
of the general property tax. It may be said, however, 
to be defective when applied to immature timber ‘‘be-. 
cause by taxing the total value of the land and the trees 
upon it, it imposed an excessive burden upon the grow- 
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ing forest and it placed on the owner the inconvenient 
obligation to pay annual taxes for years before any in- 
come was realized’’ (Fairchild ’22). The Committee on 
forest taxation of the National Tax Association suggests 
as a remedy the paying of a products tax of about 5 per 
cent on timber when it is cut, this applying to mature 
forests; and an exemption from taxation for immature 
and young timber, assessing these lands no higher than 
similar bare lands in the neighborhood. The main diff- 
culties lie in the determination of what is ‘‘mature tim. 
ber’’, and the irregularity of revenue resulting from the 
yield tax. It is along these lines, however, that the most 
satisfactory adjustment of our forestry taxation prob- 
lem is to be looked for. 
Fairchild, Fred R., 1922. Finding the Solution of the Forest Taxation 
Problem. Report of the Committee on forest taxation, National 


Tax Association, Minneapolis, Minnesota, American Lumberman, 
September 30, 1922. Pages 54-55. 


Funk, W. C., 1914. What the Farm Contributes directly to the Farm- 


er’s living. Farmer’s Bulletin 635, U.S. Dept. Agr. December 
24, 1914. 


Flint, W. P., 1922. Burn the Chinch-Bug. Circular 265, Univ. of IIl. 
Agr. Exp. Sta., Urbana, Illinois, October, 1922. 
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WOOD CONSUMPTION AND WOOD PRODUCTION 
IN ILLINOIS AND THEIR RELATION TO THE 
FUTURE PROSPERITY OF THE STATE 


R. B. State Forester, Ursana 


In order to form an economic back ground for forestry 
in Illinois the Natural History Survey has been muking a 
study, largely by the questionnaire method, of the amount 
of wood consumed in the state. The amount of wood 
produced by growth and the extent to which this total 
can be increased by better methods of handling existing 
stands of timber or replacing them with more rapidly 
growing species form the other side of the problem. 


This economic aspect of the question strikes us as the 
one lying at the root of the whole forestry question in 
this state. No matter how much we may expand our 
forest areas by an appeal to the sentimentalist and to 
the recreationist, we all realize that wood will be grown 
as a crop only when we can convince people that it is a 
basic substance, essential to industry, lacking which we 
shall be foreed to lower our present standard of living to 


_that which prevails today in some of the European coun- 
tries. 


This paper deals with some preliminary points which 
have been found out in following up various sources of 
information about our present consumption of wood to 
be elaborated more fully later in a bulletin of the Natural 
History Survey. 


CONSUMPTION OF WOOD BY RAILROADS 


Franklin B. Hough, who may be styled the first United 
States forester, sounded in 1882 a first note of warning 
about a scarcity of timber for railway ties when he said 
that at the existing rate of increase in railroad mileage 
there would come a time in 1893 when a total of 10 million 
ties would be needed annually by American railroads. 
What if Mr. Hough should return now? He would find 
that the American railroads use 125,000,000 ties annually 
and that the electric and trolley lines use 10,000,000 more, 
just the amount of his original estimate. 


234 ILLINOIS STATE ACADEMY OF SCIENCE 


There is located some little distance out from the city 
of Galesburg a plant which the Academy of Science mem- 
bers will visit as one of the points of interest. I refer to 
the tie-treating plant of the C. B. & Q. Railway Company, 
one of the twelve located in this state, which is seeking 
by preservative treatment to prolong the life of timber, 
thus contributing their part to forest conservation. The 
Burlington railroad not only maintains this plant and 
buys treated ties and timber from commercial treating 
plants elsewhere in the state, but it has been foremost in 
maintaining experimental tracks wheré the durability of 
untreated ties and those treated by various methods can 
be studied. It has demonstrated that the average annual 
renewal of untreated ties in a track of 15 per cent can 
be reduced by using preservative processes to about 6 
per cent. Other roads assure us that where now it re- 
quires on an average 250 to 275 ties per mile for renewals 
this figure can be cut, when all ties are treated, to some- 
thing like 100 per mile. We can not yet give a figure for 
the total consumption of cross, switch and _ bridge 
ties required on the 25,000 miles of railroad in Illinois 
but we do have data on many of them and know that the 
normal consumption of one road alone in Illinois is* 
20,000 ties per month. On the production side we have 
definite records showing that 980,000 ties were secured 
in Illinois in 1921, and believe that this figure could be 
raised safely to 1,000,000 ties. Perhaps 500,000 of these 
come from southern Illinois. 


GONSUMPTION BY COAL MINES IN ILLINOIS 


Perhaps some persons have not thought of wood as an 
essential in coal production in Illinois but this problem is 
giving mining engineers some concern. Our own results 
compiled from answers to questionnaires from 27 large 
coal companies in this state, combined with material se- 
cured by the U. S. Bureau of Mines (Tufft ’23)', show 
that on the average close to one-quarter of a cubic foot 
of timber is required to mine one ton of coal and that the 


1Tufft, Harry E., 1923. Mine Timbers in Illinois Coal Mines. Reports 
of Investigations, Bureau of Mines, April, 1923. Department of the 
Interior. Serial No. 2465. 
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cost to the operator is not far from 5 cents per ton. Take 
one-fourth of our coal production, then, and you get al- 
most 20,000,000 cubic feet of wood required yearly for 
coal mining, costing delivered at the mine almost $4,000,- 
000. Furthermore, the ordinary mine prop has an aver- 
age length of life of about two years. Only a few com- 
panies in Illinois have begun to apply preservative treat- 
ment to mine timbers or to think seriously of perpetuat- 
ing the supply of mine timbers. Both of these lines of 
work present worth-while problems in practical forestry 
for mining companies. 

This shortage of timber for mining purposes seems to 
be rather general. The U. S. Bureau of Mines (Hornor 
and Hunt ’22)* under date of February, 1923, says 
that in the East and Middle West, the Lake Superior re- 
gion and the metal mining regions of the West, the 
sources of mine timber are becoming more remote from 
points of consumption, the timbers are getting more diffi- 
cult to obtain and, naturally, more costly. Moreover, the 
better and more durable varieties are being exhausted 
rapidly ; consequently the less durable varieties must be 

used in their place. 


CHARCOAL 


It takes almost 2,000,000 kegs of powder for blasting 
purposes in Illinois in connection with mining operations. 
Leaving out smokeless powder, which is made from gun 
cotton, charcoal is a very important constituent of 
powder used for blasting and sporting purposes. Some 
of the facts which we have learned about this industry 
of charcoal making in Illinois may be of interest. 

We have found that in a limited region of southern IIli- 
nois near to a supply of second growth bottomland 
hardwoods over 15,500 cords of wood are reduced annual- 
ly in brick kilns in the making of charcoal, most of which 
finds a market in Illinois. Some of the powder companies 
have their own kilns, one large company getting over 
6,000 cords of charcoal wood annually from islands of the 
Illinois and Mississippi rivers. 


*Hornor and Hunt, 1922. “Mine timber preservation’, Reports of 
Investigations, Bureau of Mines, Serial No. 2321, February, 1922. Re- 
printed in Coal Trades Bulletin, April 17, 1922. 
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Other powder companies buy their charcoal in other 
states, the amount used being shown by the fact that one 
Illinois company in normal times imports over 5,000 
bushels per month from Pennsylvania. This is explained 
doubtless by the fact that operators of retorts and ovens 
in the East can undersell the men operating brick kilns 
here because the former secure in the distillation process 
not only charcoal as a by-product but also wood alcohol 
and lime acetate for which there is a good demand in the 
market. 

FURNITURE AND WOOD-USING INDUSTRIES 


According to the Secretary of the American Walnut 

Manufacturer’s Association, the city of Rockford ranks 
first in the United States as a consumer of walnut lumber, 
with Chicago second by a very fair margin. At Rockford 
most of the walnut goes into the manufacture of furniture 
but in Chicago it is used by a wide range of industries, 
among which furniture is the leading one. The total of 
all kinds of lumber and logs used by the Rockford furni- 
ture manufacturers has not yet been compiled, but pres- 
ent figures stand at 11,500,000 board feet annually. The ~ 
leading species used consist of cedar and mahogany, oak, 
walnut, gum, birch and basswood, with considerable 
quantities of rock and red elm, used for crating. <A very 
large amount of this lumber comes from the southern 
states, the local supply cutting very little figure. 
' The consumption by wood-using industries in Chicago 
in the year 1910 was 1,116,855,120 board feet, out of a 
total of about 2,500,000,000 board feet of lumber shipped 
into that city. This large amount used by factories of 
various sorts did not include material used for cross ties, 
telegraph and telephone poles, mine timbers, shingles, 
lath, or rough lumber used in construction. Rock Island 
also used about 30,000,000 feet of lumber in her factories 
outside of that sold by local lumber yards, while factories 
in Peoria, Quincy, Aurora, Kankakee, Bloomington and 
other cities are yet to be heard from. 


VENEERS 


With the growing scarcity and high prices of logs of 
the larger sizes in this country, we are coming gradually 
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to the use of veneered panels for furniture and interior 
finish where large surfaces must be exposed. The suc- 
cess during the war with waterproof casein glues has 
led to a marked increase in the manufacture of built-up 
material, commonly known as ‘‘ply-wood’’ for trunks, 
automobile tops, shoe findings, airplane propellers, and 
many other articles requiring both strength and durabil- 
ity. The fact that the fibres of the constituent pieces run 
in several different directions insures strength, while the 
waterproof glue makes the built-up piece proof against 
moisture changes. 

Outside of the large amount of wood used for the 
above, the scarcity of elm and other slack cooperage 
woods has increased the price of barrels so that there 
have been introduced into the fruit shipping industry a 
number of ‘‘veneered packages’’ which are made from 
wood by slicing vertically or cutting in a rotary direction 
logs which have been steamed previously to soften the 
fiber. Egg cases are made also in large quantities from 
cottonwood and gum by a similar process. 

In the face of increasing demand, the amount of wood 
used for veneers in Illinois has fallen from 22,650,000 
hoard feet to 19,538,000 board feet, a decrease of over 3 
million feet or 13.7 per cent in the last ten years. Visits 
to veneer plants in-a limited portion of southern Illinois 
covered by a recent bulletin show that about 4,000,000 
board feet of logs are consumed for veneers in that im- 
mediate region, and that some of the mills will be forced 
to move to Arkansas or Missouri nearer a larger source 
of supply within five years. Thousands of dollars are 
paid out in one limited region of southern Illinois for 
fruit and vegetable containers, and some are imported 
from other states, especially ladders for fruit-picking. 
Indications are that larger and larger quantities of both 
logs and manufactured products will have to be shipped 
into this region which is in some parts 30 per cent tim- 
bered. 


TIMBER IN THE ROUND 


Large quantities of wood are used in the round for 
telegraph and telephone poles, piling, and fence posts, 
which it is almost impossible to estimate. The Illinois 
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farmer uses a considerable quantity of lumber for farm 
buildings, and the amount of wood produced and con- 
sumed on farms has been made the subject of a special 
study, some of the results of which will be given in the 
paper on farm woodlots. This leaves a long list of special 
uses to be investigated, such as in the manufacture of re- 
frigeratérs, school equipment, handles, wagons and farm 
implements, cabs and other vehieles. 

If you saw the frame of a certain make of popular 
eab you would understand better why the ‘‘thinking fel- 
low’’ calls that variety— — the frame is built in Chicago 
or Detroit of second growth Argansas ash, every piece of 
which is tested carefully for strength before being used. 
In connection with the use of ash for sporting goods you 
may be interested in knowing that the American record 
for the javelin throw of 203 feet, 914 inches was won by 
Milton Angier of the University of Illinois at the Drake 
relay carnival, and that these javelins are manufactured 
in Urbana of Indiana and Illinois ash, under the supervi- 
sion of Coach Harry Gill. This same firm turns out the 
discus, the maple for which comes largely from Wis-, 
consin and Michigan. 

Thus wood is a material with which we can not well dis- 
pense. We can not afford to reduce our standards of liv- 
ing in this country by dwarfing our use of wood to the 
125 board feet per capita of Kurope. In spite of sub- 
stitution for wood along many lines we are constantly 
going to need more of this basic commodity. The only 
way to insure against a shortage is to grow more of it 
now, on our three million acres of farm woodlots in IIli- 
nois, on our undrained bottomlands and on our other idle 
and waste land. The whole question centers back in the 
right use of land, the devotion of a lot of it, which is 
just on the margin between profit and loss, to timber 
growing. - 

April 27, 1923. 
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LEGUMES AS A SOURCE OF NITRATE FOR FARM 
CROPS 


H. J. Syiper, University or 


The maintenance of an adequate supply of available 
nitrogen is probably the most important practical soil 
problem with which the farmer of today has to deal. 
This problem is not limited to any particular area or to 
any one country, for the production of agricultural pro- 
ducts the world over is limited by an insufficient supply 
of nitrogen. This is by no means a difficulty of recent 
origin, because there are records showing that a shortage 
of nitrogen caused some apprehension among the old 
Roman farmers. 

The peculiarity of the nitrogen supply is that there 
is a superabundance of free nitrogen in the atmosphere 
which must be combined with other elements before 
it may be utilized for growing crops. It is said that 
there is in the atmosphere 5.8 tons of free nitrogen for 
each square yard of earth surface, and it is estimated 
that there is less than one ounce of combined nitrogen 
per square yard of earth surface in the service of man. 


’ The supply of free nitrogen is almost inexhaustible, and 


in comparison the supply of combined nitrogen now in 
use seems insignificant. 

Converting free atmospheric nitrogen into combined 
nitrogen is a process which is of vital importance to all 
classes of people. There are several practical methods 
for manufacturing combined nitrogen, but at present 
these processes are not sufficiently developed to furnish 
economically any considerable amount of available nitro- 
gen which might be used on a large scale as a soil fer- 
tilizer. In the production of our grain crops at the 
present time, it is necessary to look to some other source 
for a supply of combined nitrogen. The most economical 
and practical means of securing this nitrogen supply 
for farm crops at present is by the utilization of the 
various leguminous plants. 

It has long been known that leguminous plants have 
the power of enriching the soil, but it was not until com- 
paratively recent years that the process has been well 
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understood. The old Roman farmers (Ill. Bul. 179, p. 
472) knew that beans possessed the power of enriching 
the land, and these early farmers followed the practice of 
plowing under lupines as a means of adding nitrogen and 
enriching their cultivated lands. There are many early 
writings which indicate that legume plants were consid- 
ered valuable for soil enrichment, but it was not until 
after 1886 that Hellriegel first announced the discovery 
that bacteria living in symbiotic relationship with legum- 
inous plants have the power to fix free atmospheric nitro- 
gen. From the time of Hellriegel’s discovery down to the 
present day there has been much experimental work done 
looking toward the utilization of legumes as a means of 
furnishing a supply of combined nitrogen sufficient to 
meet the requirements of crops in general farm practice. 

After the fact was thoroughly established that le- 
gumes do have the power to fix free atmospheric nitro- 
gen, there have been efforts made to determine the ap- 
proximate amount fixed by these plants. The amount 
of nitrogen fixed is influenced by different soil conditions 
and other factors. It is apparent that when legumes 
properly inoculated are grown in a soil rich in available 
nitrogen they will utilize the supply in the soil rather’ 
than make use of the free atmospheric nitrogen. On the 
other hand, if legumes properly inoculated are grown in 
a sandy soil or other soil low in nitrogen they will at 
once fix comparatively large amounts of free nitrogen in 
order to make proper growth. 

Some experimental work conducted by the late Dr. 
Hopkins ( Tl. Bul. 76) shows a comparison of inoculated 
and uninoculated alfalfa when grown on common corn 
belt prairie land. The results of this test show that the 
alfalfa when properly inoculated fixed about 40 lbs. more 
nitrogen per acre than did the uninoculated alfalfa. The 
amount of nitrogen fixed as indicated by this experiment 
might vary with different soil conditions; however, this 
test serves to show the possibilities of the utilization of 
free atmospheric nitrogen by legumes under field condi- 
tions. 

There are many legume plants which seine themselves 
to general farm practice, and some of these are particu- 
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larly desirable for furnishing on a large scale a part 
at least of the available nitrogen needed in producing 
farm crops. One of the most outstanding of these le- 
gumes at the present time is sweet clover (Mellilotus 
Alba). There are many interesting and valuable facts 
regarding the influence of sweet clover as a soil enriching 
crop under the various soil and climatic conditions found 
in Illinois. In 1905 the Illinois Experiment Station be- 
gan the use of sweet clover for soil improvement on the 
Odin Experiment Field (Marion county). The object 
of this experiment as stated in the field records was ‘‘to 
test the value of sweet clover as a leguminous green 
manure crop.’’ Starting with this test the Experiment 
Station has made practical use of sweet clover for soil 
improvement purposes in many parts of the state. Sweet 
clover has been very successful under field conditions 
as a means of securing available nitrogen for the produc- 
tion of general farm crops. 

Some very valuable facts have been brought out by 
the Illinois Experiment Station regarding the available 
nitrogen created in the soil when sweet clover is plowed 
under as a green manure crop. (Ill. Bul. 233.) The fol- 
lowing table gives some results obtained on the Minonk 
Experiment Field (Woodford county) during the season 
of 1919. The land on this field is typical of the common 
prairie corn belt soil. In this test a spring growth of 
sweet clover was plowed under late in April and the 
land planted to corn. The figures represent pounds per 
acre of available nitrogen found in the surface soil at 
various dates on treated and untreated land. 


Soil treatment April 26 May 30 July 1 Aug. 12 
Sweet clover turned under.......... 38.7 76.8 67.2 143.6 
10.1 8.1 11.8 11.8 


Limestone and rock phosphate had been applied to the 
land where the sweet clover was turned under. Lime- 
stone is usually essential to the successful growing of 
sweet clover on average corn belt land. The above re- 
sults show that as compared with the untreated land the 
decomposition of the green sweet clover when plowed 
under does greatly increase the supply of available nitro- 
gen. It requires about 114 pounds of nitrogen to pro- 
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duce one bushel of corn, and on August 12 there was suf- 
ficient available nitrogen in the soil to produce about 95 
bushels of corn. Comparing the untreated land with the 
treated land it may be seen that the sweet clover con- 
tained about 314 to 12 times as much available nitrogen 
as when no sweet clover was turned under. 

The farm lands in southern Illinois are very different 
in composition and productiveness from those in the cen- 
tral and northern parts of the state. On these lighter 
soils of the south part of the state clovers cannot be 
grown successfully without the judicious use of lime- 
stone. When limestone and sweet clover as a green ma- 
nure are used on these lands the supply of available 
nitrogen is greatly increased. 

The following table gives results obtained on the New- 
ton Experiment Field (Jasper county) during the season 
of 1919. (Bul. 233.) The land on this field is typical of 
the light prairie soils of southern Illinois. The figures 
represent pounds per acre of available nitrogen in the 
surface soil at various dates. 

Soil treatment May 12 June 18 July 4 Aug. 19 


Sweet clover turned under.......... 18.6 36.8 30.6 78.2 


Limestone and rock phosphate were used in addition 
to the sweet clover. The decomposition of the sweet 
clover furnished available nitrogen far in excess of that 
on the untreated land. On August 19, the available nitro- 
gen on the treated land was sufficient to produce 50 
bushels of corn while on the untreated land there was 
enough for about 16 bushels of corn. 

The data above cited show that legume crops when 
worked into the soil do increase greatly the supply of 
available nitrogen. This plan of soil management is 
practical and fits into the scheme of general farm prac- 
tice, and there is no question regarding its economy when 
compared with the cost of commercial nitrogen as sold 
on the market today. 

It has been demonstrated clearly that sweet clover as 
a green manure crop may add large amounts of available 
nitrogen to the soil; now it is well to look at actual crop 
yields and note the influence of this treatment. The 
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Experiment Station has followed the plan of locating soil 
experiment fields at various points in the state, and thru 
the operation of these fields by the University much re- 
liable information is secured from year to year regard- 
ing the permanent improvement of Illinois soils. In 
the following tables some twelve experiment fields are 
considered upon which sweet clover has been used as a 
green manure crop during the past eight years. These 
fields are distributed widely so that they represent in 
general the predominating soil types of the state, and 
are located in regions of varying climatic conditions. 

The following table gives corn yields obtained from 
three experiment fields located in northern Illinois and 
representing the Brown Silt Loam soil which is the pre- 
dominating soil type of that region. 


CORN YIELDS 8 YEAR AVERAGE (1915-22) BUSHELS PER ACRE. 


Soil Treatment Dixon Mt. Morris LaMoille Average 
Crop residues and lime- 

stone—sweet clover. 56.5 60.7 53.4 56.9 
Crop residues only..... 49.1 49.1 50.0 49.4 
Gain for lime — sweet 


The average of these three fields gives an eight year 
average increase of 7.5 bushels of corn per acre for the 
use of the lime-sweet clover treatment. This is a very 
substantial increase on land which is maintaining an 
average corn yield of almost 50 bushels per acre. 

The following table gives the corn yields obtained from 
three experiment fields located in the central part of the 
state and also representing the Brown Silt Loam soil 
which is the common corn belt prairie farm land. 


CORN YIELDS 8 YEAR AVERAGE (1915-22) BUSHELS PER ACRE. 


Soil treatment Urbana Carthage Clayton Average 
Crop residues and lime- 

stone—sweet clover. 68.7 61.6 62.2 57.5 
Crop residues only...... 57.5 43.2 43.3 48.0 
Gain for lime — sweet 


The average gain for the lime-sweet clover treatment 
on these three fields on corn belt soil is 9.5 bushels of 
corn per acre. This type of soil has often been referred 
to as inexhaustible, and yet these experiments demon- 
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strate that the corn yields may be increased greatly by 
the addition of nitrogenous organic matter and limestone. 

The following table shows the corn yields obtained on 
three experiment fields located in southern Illinois. 
These fields are on a soil type known as Gray Silt Loam 
On Tight Clay, and this type predominates over a large 
area of the southern part of the state. 


CORN YIELDS 8 YEAR AVERAGE (1915-22) BUSHELS PER ACRE. 


Soil treatment Ewing Oblong Toledo Average 
Crop residues and lime- 

stone—sweet clover. 31.7 36.8 27.7 32.0 
Crop residues only 12.9 26.6 17.3 18.9 
Gain for lime — sweet 


10.2 10.4 13.1 


The average gain for the lime-sweet clover treatment 
on these three fields is 13.1 bushels of corn per acre. This 
type of soil is much less fertile than that of the corn belt, 
as indicated by the corn yields, but these experiments 
show that the productiveness of this soil may in some 
cases be almost doubled by the application of the soil 


treatment indicated. 


The following table shows the corn yields obtained’ 
from three experiment fields located in the extreme part’ 
of southern Illinois. These fields are on a type of soil 
known as Yellow Gray Silt Loam. This land was former- 
ly timbered, and is the predominating type over a large 
area of the southern part of the state. 


CORN YIELDS 8 YEAR AVERAGE (1915-22) BUSHELS PER ACRE. 


Soil treatment Raleigh Unionville Enfield Average 
Crop residues and lime- 
stone—sweet clover. 38.8 39.2 40.8 39.6 
Crop residues only 4 22.6 29.7 24.4 
dain for lime — sweet 


16.6 11.1 15.2 


The average gain for the lime-sweet clover treatment 
on these three fields is 15.2 bushels of corn per acre. This 
is the largest increase on any of the types of soil men- 
tioned, and indicates to what extent corn yields may be 
increased on these less fertile soils of southern Illinois. 

The corn yields on the twelve experiment fields named 
show an increase of 11.3 bushels per acre as an average 
of the past eight years. It would seem from the distri- 
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bution of these fields that this figure is fairly represen- 
tative of what might be accomplished under average 
farm conditions throughout the state. As an average of 
the past eight years the state has grown annually ap- 
proximately 9,500,000 acres of corn, and on the basis 
of the 11.3 bushel increase this would add over 107,350,000 
bushels of corn to the total annual production of the 
state. This increase would amount to almost 1/3 of the 
present annual corn production of the state, and would 
add much to the agricultural wealth of Illinois for the 
corn crop alone. The experimental evidence obtained 
shows that not only is the corn yield increased by the ad- 
dition of legume nitrogen, but the yields of wheat, oats, 
clovers and other crops have been increased materially 
by the lime-sweet clover treatment. 

These experimental results show that our agricultural 
production may be increased greatly by the proper utili- 
zation of the common legume crops which may be grown 
successfully on every Illinois farm. This also indicates 
that science has made much advancement toward the 
solution of practical soil problems. 
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‘A SUMMARY OF THE PLANT DISEASE SITUA- 


TION IN 1922 WITH RESPECT TO THE 
CROPS OF ILLINOIS 


Leo R. Texon, Botanist, State Naturau History Sur- 
veY Division, UrBana 


Plant diseases are factors of extreme importance in 
crop production. Each year crop reductions are attribu- 
ted to them which, if translated into terms of dollars, 
would appear amazingly large. All are not equally se- 
vere every year, but vary according to climatological 
conditions and the abundance of infectious materials. 
Observations of plant disease from year to year are 
useful in that they tend to indicate what may be ex- 
pected under specific conditions subsequently, and their 
publication is justified as forming a concise and perma- 
nent record for future reference. 

A year ago the writer prepared a statement of the 
purposes of a plant disease survey of the state, con- 
ducted as a part of the activities of the State Natural 
History Survey Division, and included a number of ob- , 
servations on plant disease conditions during 1921. 

This paper proposes to summarize briefly the disease 
situation with respect to the crops of the state for the 
year 1922. In securing the material upon which the sum- 
mary is based a force of four men was placed in the field 
from about the first of June until the last day of August. 
Their reports and observations are substantiated by rep- 
resentative specimens of disease deposited in the Survey 
Herbarium. A considerable amount of additional mater- 
ial has been obtained from other sources. 


WEATHER CONDITIONS 


The abundance and severity of plant infection is always 
influenced extensively by climatological conditions. As 
a whole these conditions were not conducive to the de- 
velopment of severe infections during 1922. The year 
was the warmest, with the exception of 1921, in the cli- 
matological history of Illinois. The precipitation was 
below normal throughout the state, while during the crop 
growing period the precipitation was 15 per cent less 
than normal for that period. 
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The rather warm winter of 1921-22 allowed certain ot 
the rusts to overwinter and probably was helpful in pro- 
viding an unusual amount of viable infectious material. 
Frequent showers with excessive precipitation during 
early spirng was productive of certain early fruit di- 
sease infections and of rust epidemics. On late maturing 
crops, and on crops not planted until the wet period had 
passed, these diseases were held in check by the subse- 
quent dry and hot weather. 


CEREALS 


Barley: Loose smut (Ustilago nuda (Jens.) K. & 8S.) 
was about the same in severity as in the average year. 
Our estimates indicate 0.2 per cent of the plants of the 
state affected, with a crop loss probably not large enough 
to be estimated. 

Stem rust (Puccinia graminis Pers.) was generally 
prevalent in small amounts, and resulted in only very 
slight losses. 

Corn: Bacterial wilt (Pseudomonas stewarti K. F. 8.) 
was locally important, but was not an important factor 
in reducing the yield of the state. 

Brown spot (Physoderma zeae-maydis Shaw) was less 
severe than usual. Reports and specimens collegted 
through the state indicate that it has extended its range 
northward to Lee county. 

Rosen’s disease (Pseudomonas dissolvens Rosen), 
hitherto noted in two counties, made its appearance in 
Union County. Here a field of 10 acres showed 1 per 
cent of the stalks diseased. The characteristic twisting 
at the base of the stalk was present throughout the in- 
fected area. Later examination of material from the 
infected field by Dr. Rosen positively identified the di- 
sease. 

Rust (Puccinia sorghi Schw.) appeared later, and was 
less abundant in the state, than usual. Undoubtedly, the 
dry hot weather during the usual infection period served 
to minimize the infection. 

Smut (Ustilago zeae (Beckm.) Ung.) was apparent in 
about the same amount as during average years. A re- 


duction in yield for the entire state of 2.5 per cent is 
estimated. 
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Oats: Blast (cause unknown) appeared throughout 
the state, but was met with most frequently in the east- 
central part. A loss of 5 per cent of the crop of the en- 
tire state is estimated. 

Crown rust (Puccinia coronata Cda.) appeared in 
rather more than its usual abundance. A mild winter, 
through which a large quantity of severely infected vol- 
unteer oats lived, provided an abundance of infective 
material for the year’s crop. A loss of 4 per cent is esti- 
mated. 

* Smut (Ustilago avenae (Pers.) Jens.) was common 
everywhere and is estimated to have reduced the crop 
by 5 per cent. 

Stem rust (Puccinia graminis, Pers.) was rare in the 
southern part of the state, and only slightly more fre- 
quent in the north. Nowhere was it severe. The wet 
spring, with its consequent late seeding, was probably 
instrumental in reducing the early infections, and the 
dry hot periods that followed prevented further serious 
development. 

Rye: Ergot (Claviceps purpurea (Fr.) Tul.) was not 
abundant. We have estimated that less than 0.2 per cent 
of the plants of the state were infected. Damage to the 
crop,was so slight as to be incapable of estimation. 

Smut (Ustilago sp.). An undetermined species of 
Ustilago was found in a rye field near Mitchell in Madi- 
son County by Dr. R. D. Rands. 

Leaf rust (Puccinia dispersa Eriks.) was prevalent 
and is estimated to have reduced the crop of the state 
by 2 per cent. 

Stem rust (Puccinia graminis Pers.) was common 
everywhere, but the total infection was slight indeed, and 
resulted in very little crop loss. 

Wheat: Bunt (Tilletia laevis Kuhn) was especially 
important in some northern counties. One county esti- 
mates a cash dockage at the mill or elevator of not less 
than $2000. The reduction in yield for the entire state 
is estimated at 2 per cent. 

Flag smut (Urocystis tritici Koern). A special survey 
made during April, May and June increased the area of 
known infection from 75 square miles in Madison and St. 
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Clair counties to an area of about 500 square miles in- 
cluding parts of two additional counties, Jersey on the 
north, and Monroe on the south, A few fields located 
within the original infested area showed spots where the 
infeetion ran as high as 30 per cent. 

Foot rot, rosette, ete. (Helminthosporium spp.) was of 
local occurrence and of local importance only. 

Leaf rust (Puccinia triticina Kriks.) appeared south- 
ward in epidemic form. Probably every field of winter 
wheat in the state was infected. The most serious losses 
occurred in the spring wheat region in southwestern Illi- 
nois where twelve counties report an average crop re- 
duction of 1.51 bushels per acre or a total loss of 1,233,400 
bushels from an approximate acreage of 822,000. A total 
reduction of 10 per cent of the winter wheat crop of the 
state appears to be a conservative estimate. 

Loose smut (Ustilago tritici (Pers.) Rostr.) appeared 
in its usual abundance throughout the state, but the losses 
sustained appear to have been much more severe north- 
ward. It is estimated that this disease is responsible for 
a 4 per cent reduction in the yield of the state. 

Stem rust (Puccinia graminis Pers.) was prevalent 
throughout the state, but the infection was slight and the 
loss not estimable. It is noteworthy that no instance has 
yet been found where the presence of the common bar- 
berry has been responsible for epidemics of any consider- 
able extent or importance. 


FORAGE CROPS 


Alfalfa: Leaf spot (Pseudopeziza medicaginis (Lib.) 
Sace.) was of common occurrence but was not responsible 
for important losses except locally. 

Rust (Uromyees striatus Schr.) was found in one field 
in Edgar county. This is the first known occurrence of 
this disease in Illinois. 

Wilt (Fusarium sp.) made its appearance in Randolph 
county during April. This disease seems not to have been 
described in pathological literature. Young plants only 
appear to be attacked, the disease showing first as a wilt 
on the lower leaves. The crown of the plant and the 
stems arising from it are cankered and blackened, and 
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covered with a pinkish cushion of mycelium which bears 
the spores in abundance. 

Clover: Powdery mildew (Erysiphe polygoni DC.) ap- 
peared over the entire state in great abundance. Prob- 
ably the mild winter allowed a considerable-quantity of 
infectious material to live over from the epidemic of the 
previous fall, and certainly the spring weather was con- 
ducive to its early and general development. Although 
considerable apprehension was apparent among farmers 
lest the presence of the mildew might materially damage 
the crop or impair its value for feeding purposes, there 
was little loss to be attributed to the disease. 

Rust (Uromyces trifolii (Hedw.) Lev.) was not of 
frequent occurrence. It was observed chiefly in the north- 
ern half of the state, and caused no appreciable luss. 

Cow Pea: Leaf spot (Cercospora cruenta Sacc.) was 
found in the state for the first time, near Makanda in 
Jackson county. The increased planting of cow eas, soy 
beans and other leguminosaeous crops within the state 
furnishes an economic importance for many diseases 
hitherto regarded as important merely from a mycologi-, 
eal standpoint. 

Sweet Clover: Anthracnose (Colletotrichum trifolii 
Bain) was reported generally from the northern part of 
the state, but appears to have been serious only locally. 
No appreciable loss can be attributed to it. 

Anthracnose (Gloeosporium caulivorum Kirch.) was 
reported from Kankakee county, but was not severe. 


FRUIT QROPS 


Apple: Bitter rot (Glomerella cingulata (Stonem.) 
S. & v. S.) was of little importance. It was found once 
in Saline, once in Massac, and once in Pulaski county. 


The earliest date of appearance reported was at Stone- 
fort, July 22. 


Black rot (Physalospora cydoniae, Arn.) was some- 
what less abundant than usual. A crop reduction of 2 
per cent may be attributed to it. 


Blister canker (Nummularia discreta Tul.) appears to 
be increasing in abundance and occurs throughout the 
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state. It is estimated to have caused damage to trees 
equivalent to a crop loss of 1 per cent. 

Blotch (Phyllosticta solitaria E. & E.) appears com- 
monly as far north as Champaign county. Year by year 
it is migrating northward. A crop reduction of at least 
5 per cent is attributed to it. 

Brown rot (Sclerotinia cinerea (Bon.) Schroet.) was 
found July 13, near Francis, in Saline county, and was 
found later in Jackson, Monroe and Randolph counties. 
It occurred only sparingly, and caused little if any re- 
duction of the crop. 

Rust (Gymnosporangium juniperi-virginianae Schw.) 
was less abundant than usual, and appeared chiefly on the 
leaves. It occurred throughout the southern half of the 
state. It was reported to be severe on the Mississippi 
bluffs in Whiteside county, and near Martinsville in 
Clark county. The crop reduction is estimated as 1.5 per 
cent. There appears to be a general correlation between 
the range-of cedar infection in the state and the range 
of the rust on the apple. 

Crown gall (Pseudomonas tumefaciens E. F. S.) was 
reported from Williamson county. 

Fire blight (Bacillus amylovorus (Burr.) Trev.) oc- 
curred in every county in the state. It was more abund- 
ant than last season, but occurred chiefly as leaf and twig 
blight. The crop reduction is estimated to have been not 
more than 1 per cent. 

Fly speck (Leptothyrium pomi (Mont. & Fr.) Sace.) 
was generally distributed. A few instances of severe in- 
fection with consequent serious defacement of the fruit 
appeared in the extreme south. 

Leaf spot (Septoria pyricola Desm.) was found in 
Jackson, Saline, Union and Pulaski counties. Two re- 
ports show 100 per cent and 40 per cent respectively of 
infected leaves on the trees. So far as we can determine, 
this appears to be the first report of the occurrence of 
this disease in Illinois. 

Powdery mildew (Podosphaera leucotricha (E. & E.) 
Salm.) was not abundant and taused very little damage. 


Scab (Venturia inaequalis (Cke.) Wint.) was severe 
locally and was present in its usual abundance through- 
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out the entire state. It is estimated to have caused a 
reduction in the crop of 4 per cent. 

Sooty blotch (Gloeodes pomigena (Schw.) Colby) was 
practically coexistent with fly speck, and caused no dam- 
age. 

Apricot: Leaf blight (Pseudomonas pruni E. F. S.) 
was found twice in southern Illinois. One collection is 
from Massac county and one from Saline county. This 
is the first report of occurrence on this host in Illinois. 

Cherry: Bacterial shot hole (Pseudomonas pruni EK. 
I’. 8.) was reported from Galatia, Saline county, July 13. 
Subsequent reports came in from scattered localities 
throughout the state. The infection was slight in all 
eases. This is the first report of occurrence on this host 
in linois. 

Brown rot (Sclerotinia cinerea (Bon.) Schroet). Two 
collections were made, one in Jackson and one in Edwards 
county. Neither was severe. 

Powdery mildew (Podosphaera oxyacanthae (Fr.) 
deBary) was abundant over the state, and in most cases 
appeared to be rather severe. A crop reduction of 1.5 
per cent has been attributed to it. The earliest collection , 
was made near Whittington, in Franklin county, June 24. , 

Shot hole (Coccomyces hiemalis Higg.) was slightly 
more severe than usual. It occurred uniformly over the 
state and was the cause of some slight reduction in the 
crop. 

Peach: Bacterial shot hole (Pseudomonas pruni FE. F. 
S.) appeared in its usual abundance. There was consid- 
erable leaf injury with serious defoliation locally. It is 
estimated that 90 per cent of the peach trees of the state 
suffer from the attack of this disease annually. The 
probable crop reduction for 1922 is estimated at 2 per 
cent. 

Brown rot (Sclerotinia cinerea (Bon.) Schroet.) ap- 
peared generally over the state. The moist spring 
weather gave opportunity for an early development of 
blossom and twig blight which was first reported early in 
April from Madison county. Extremely dry and hot 
weather later in the season held the fruit infection in 
check. The first fruit rot was reported June 26 from 
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Hoodville, Hamilton county. A crop reduction of 1 per 
cent probably occurred. 

Leaf curl (Exoascus deformans (Berk.) Fckl.) was 
slightly more abundant than usual and occurred through- 
out the state. It is estimated to have had an injurious 

effect equivalent to a 2.5 per cent crop reduction. 

(Cladosporium carpophilum Thuem.) was _re- 
sponsible for a slight injury to the crop. Our first report 
came from Jefferson county where it was found June 22. 

Pear: Black rot (Physalospora cydoniae Arn.) was 
found only in Randolph and Jackson counties. The first 
report came from DeSoto, August 19. 

Fire blight (Bacillus amylovorus (Burr.) Trev.) was 
somewhat less severe than usual. A reduction of 5 per 
cent in the yield of the state is estimated. 

Leaf blight (Fabraea maculata (Lev.) Atk.) was severe 
locally but did not materially affect the crop. Our first 
report came from near McLeansboro in Hamilton county 
June 26. It was reported as far north as Morrison in 
Whiteside county. 

Leaf spot (Mycosphaerella sentina (Fr.) Schr.) was 
not commonly found. The first report was from Coles 
_ county, August 29. : 

Seab (Venturia pyrina Aderh.) was found in Jackson, 
Coles and Edgar counties. The earliest collection was 
made near Makanda, July 19. 

Plum: Bacterial shot-hole (Pseudomonas pruni F. 
F. S.) appeared throughout the state and resulted in a 
slight crop reduction. 

Black knot (Plowrightia morbosa (Schw.) Sacc.) ap- 
pears to be common only in the eastern and southern part 
of the state. 

Brown rot (Sclerotinia cinerea (Bon.) Schroet.) was 
rather less severe than usual. It probably caused a crop 
reduction of 5 per cent. 

Leaf blight (Coccomyces prunophorae Higg.) ap- 
peared to be slightly more abundant than usual through- 
out the state, although no appreciable damage can be 
attributed to it. 

Leaf curl (Exoascus mirabilis atk.) was more abund- 
ant than last vear, especially southward. The continual 
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blighting and killing of terminal buds that occur each 
year justify an estimate of damage done equivalent to a 
yearly crop reduction of at least 1 per cent. 

Quince: Fire blight (Bacillus amylovorus (Burr.) 
Trev.) occurred occasionally on twigs and fruit but was 
not generally important. 

Leaf blight (Fabraea maculata (Lev.) Atk.) was as 
common as usual and resulted generally in slight defoli- 
ation. It was collected in seven counties, the earliest 
collection being made July 5 at Mt. Carmel. 


Powdery mildew (Podosphaera oxyacanthae (D. C.) 
deBary) was found in Coles and Edgar counties. The 
date of collection was August 29. This is the first re- 
port of the presence of this disease on this host in Illi- 
nois. 


SMALL FRUITS 


Blackberry: Anthracnose (Plectodiscella veneta 
Burk.) is the most important blackberry disease in the 
state. It occurs throughout the state, and is especially 
abundant northward. We have estimated a crop loss 
from this source of at least 3 per cent. ; 


Cane blight (Leptosphaeria coniothyrium (Fckl.) 
Sace.) occurs throughout the state. It is probably more 
severe southward. 


Leaf spot (Septoria rubi West) was abundant every- 
where and is believed to have been responsible for a crop 
reduction of at least 1 per cent. 

Leaf spot (Cercospora bliti Tharp) was found twice 
in southern Illinois. This disease is reported to be se- 
vere in’ Texas. This is the first report of its presence 
in Illinois. 

Orange rust (Gymnoconia interstitialis (Schlecht.) 
Lagerh.) was locally abundant and severe. 

Gooseberry: Anthracnose (Pseudopeziza ribis Kleb.) 
caused serious defoliation locally, and occurred as a mild 
infection generally over the state. 

Leaf spot (Septoria ribis Desm.) was common through- 
out the state, and was sufficiently injurious to be esti- 
mated as equivalent to a 1 per cent crop reduction. 
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Powdery mildew (Sphaerotheca mors-uvae (Schw.) 
B. & C.) was collected near Ridgway in Gallatin county 
July 15. 

Grape: Black rot (Guignardia bidwellii (Hll.) V. & 
R.) appeared to be rather more severe than usual. An 
estimated loss of 5 per cent of the crop was not so evi- 
dent, although really larger in proportion, to the grape 
grower on account of the unusually favorable weather 
conditions and a consequent excellence and abundance of 
crop. 

Downey mildew (Plasmopara viticola (B. & C.) B. & 
deT.) was slightly less severe than usual and occurred 
throughout the state. A loss of 1 per cent is estimated. 
It was first reported June 9 near Lebanon in St. Clair 
county. 

Powdery mildew (Uncinula necator (Schw.) Burr.) 
was probably as abundant as usual. The earliest collee- 
tion was from Alexander county, August 17. 

Strawberry: Leaf blight (Dendrophoma obscurans 
(E. & E.) Anderson) was noted to be more abundant 
than heretofore. 

Leaf spot (Mycosphaerella fragariae (Schw.) Lind.) 
was very abundant and is estimated to have taken its 
usual 10 per cent toll of the crop of the state. 


TRUCK AND GARDEN CROPS 


Asparagus: Rust (Puccinia asparagi DC.) was com- 
mon throughout the state. The first collection was made 
near Geff in Wayne county, July 1. 


Anthracnose (Colletotrichum sp.) was collected Au- 
gust 26, near Polo in Ogle county. It was collected later 


in Champaign county. This is the first report of this 
disease in Illinois. 


Bean: Anthracnose (Colletotrichum lindemuthianum 
(S. & M.) B. & C.) was generally distributed, but less 
severe than usual. The first collection was made in Jack- 
son county, August 19. 


Bacterial blight (Pseudomonas phaseoli E. F. 8.) was 
of slight importance although of general occurrence. The 
first collection was made June 22 in Jefferson county. 
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Rust (Uromyces appendiculatus (Pers.) Lev.) was 
more abundant than usual, and was reported to be severe 
in some localities in the south. The first collection was 
made July 27 near Parker in Johnson county. 

Beet: Leaf spot (Cercospora beticola Sace.) occurred 
in almost every garden in the state. There was no ap- 
parent loss. 

Cabbage: Black rot (Pseudomonas campestris 
(Pam.) E. F. 8.) was serious in some localities and is 
estimated to have reduced the crop of the state by 1 per 
cent. 

Yellows (Fusarium conglutinans Woll.) still continues 
to be the limiting factor in cabbage production. It is es- 
timated to have caused a crop reduction of 5 per cent. 
Seed of resistant varieties is not commonly used. The 
chief method of control now practiced consists in a sys- 
tematic change of crops on infected soil. 

Cantaloupe: Bacterial wilt (Bacillus: trachiephillus 
EK. F. 8.) was more serious than usual. In the Poag Sta- 
tion melon district in Madison county the infection was 
particularly bad. 

Celery: Late blight (Septoria apii (Br. & Cav.) 
Chest.) was not common, but caused severe loss where 
the Skinner system of overhead irrigation was practiced. 

Lettuce: Leaf spot (Septoria lactucae Pass.) was of 
some importange throughout the state. The earliest re- 
ported occurrence was’ June 30 in Wayne county. 

Pea: Powdery mildew (Erysiphe communis Wallr.) 
was destructive on the late maturing varieties. Collec- 
tions were made of this disease in five counties, the ear- 
liest of which was near Ryder in Jefferson county, June 
23. 

Pepper: Fruit rot (Alternaria sp.) was collected 
near Charleston in Coles county, August 28. 

Potato: Early blight (Alternaria solani (KE. & M.) 
J. & G.) was general and is estimated to have damaged 
the plants to an extent equivalent to a crop reduction of 
1 per cent. 

Rhizoctonia disease (Corticium vagum Burt.) was 
found once only. It was collected June 23 near Ryder 
in Jefferson county. 
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Scab (Actinomyces scabies (Thax.) Gussow) was com- 
mon over the state. 


Radish: Downey mildew (Peronospora parasitica 
(Pers.) deBary.) was collected once. 

White rust (Albugo candida (Pers.) Rous.) occurred 
occasionally. The first collection was made July 10 near 
Carmi in White county. 

Rhubarb: Crown and stalk rot (Phytopthora sp.) 
was still severe in Union county. 


Leaf spot (Phyllocticta sp. and Cercospora (?) sp.) 
were common in all localities but caused little if any loss. 

Sweet Potato: White rust (Albugo ipomoeae-pandu- 
ranae (Schw.) Sw.) was generally distributed but less 
abundant than usual, The first collection was made July 
31 in Hardin county. 


Tomato: Blossom end rot (physiological) occurred 
throughout the state and is estimated to have reduced 
the erop by 1 per cent. 


Karly blight (Macrosporium sp.) was generally distri- 
buted over the state and was usually severe. It is esti- 
mated to have resulted in a crop reduction of 4 per cent. 

Leaf spot (Septoria lycopersici Speg.) was prevalent, 
but reduced the crop less than 1 per cent. 

Wilt (Fusarium lycopersici Sace.) was abundant and 
severe generally. It is the most serious disease the com- 
mercial grower has to contend with. The crop reduction 
is estimated at 10 per cent. 


Watermelon: Wilt (Fusarium vasinfectum Atk.) was 
unusually serious. Its distribution was general. Many 
fields were totally destroyed. The disease is estimated to 
have caused a crop reduction of not less than 25 per cent 
for the entire state. 


ORNAMENTAL AND MISCELLANEOUS PLANTS 


Carnation: Rust (Uromyces caryophillinus (Schw.) 
Wint.) was generally distributed. The first collection 
was made at Belleville, June 10. 

Evonymus: Powdery mildew (Microsphaera alni 
(Wallr.) Salm.) was common late in the season, but did 
not greatly injure the appearance of the shrub. 
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Impatiens: Rust (Puccinia impatientis Arth.) was 
found in White, Hamilton, Edwards and Jefferson coun- 
ties. The first collection was made at Texico, June 21. 

Lilac: Powdery mildew (Microsphaera alni (Wallr.) 
Salm.) resulted in some defoliation. The earliest collec- 
tion was made June 24 at Whittington. 

Rose: Leaf spot (Diplocarpon rosae Wolf.) was com- 
mon throughout the state on cultivated plants. 

Powdery mildew (Sphaerotheca pannosa (Wallr.) 
Lev.) was present over the southern half of the state on 
cultivated roses in epidemic form. Considerable defolia- 
tion resulted later in the season when the hot, dry weath- 
er appeared. 

Symphoricarpos: Powdery mildew (Microsphaera 
alni (Wallir.) Salm.) was abundant everywhere. The ear- 
liest collection was made July 3, in Edwards county. 

Virginia Creeper: Leaf spot (Guignardia bidwellii 
(Ell.) V. & R.) was abundant throughout the state. 

Zinnia: Powdery mildew (Erysiphe cichoracearum, 
DC.) was collected August 31 at Chrisman. This is the 
first report of this fungus on this host for Llinois. 


SUMMARY 


The outstanding features of the year appear to have 
had a direct connection with climatological conditions. 
The greater number of diseases were either about the 
same as in an average year or caused less than the usual 
crop reduction. Noteworthy conditions included the ear- 
ly appearance of brown rot as a blossom and twig blight 
on peaches, the widespread epidemic of powdery mildew 
on clover and cultivated roses, the serious losses oc- 
casioned by leaf rust in the winter wheat area, the abun- 
dance of crown rust on oats, and the unusual and des- 
tructive outbreak of the wilt diseases of cantaloupe and 
watermelon. 
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ORIGIN OF PRAIRIES IN ILLINOIS 
Wooparp, University or 


The work of other investigators has shown features 
common to all prairies regardless of where they are 
found. The dominant prairie species are xerophytic 
grasses. The evaporation rate is much higher in prairies 
than in the adjoining forests while the soil moisture con- 
tent is much lower, often falling below the wilting point 
of plants during the summer. This evidently explains 
the xerophytism of the prairie vegetation, for these 
grasses can become dormant and remain alive during 
these unfavorable conditions which would destroy tree 
seedlings. After a prairie grass sod is formed, it tends 
to exclude tree seedlings. Trees can, however, invade 
prairies along the slopes of streams, gullies and morainal 
ridges where erosion has removed the sod and the irreg- 
ular topography checks the wind velocity and thus re- 
duces its dessicating action. A much slower invasion 
takes place along forest borders where the trees check 
the wind velocity and the shade destroys the prairie 
grasses. 


As the Illinois prairies are in a region that was covered 
by glacial ice they must be post-glacial in origin, During 
the ice age there were several advances of the ice sheet 
separated by long interglacial periods, except for the 
period between the Early and Late Wisconsin glacia- 
tions, which was short. The Kansan ice sheet invaded 
northeast Kansas and extended into Missouri as far 
south as the Missouri river. The Illinoisan ice sheet in- 
vaded Illinois as far as the Ozark Hills in the southern 
part of the state. Just east of the Illinois-Indiana line, 
the border of this ice sheet bends to th northeast, contin- © 
uing to central Indiana, then turns south to the Ohio 
river, then east to south central Ohio, and then north to 
central Ohio where it is buried by drift of the Wisconsin 
ice sheets. The Iowan ice covered northeast lowa and 
possibly a small area in northwest Illinois. The Early 
Wisconsin glacier only entered the east side of Illinois, 
extending to Shelbyville and Mattoon, but covered most 
of the Illinoisan drift in eastern Indiana and in Ohio. A 
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lobe of the Late Wisconsin entered western Iowa, exteni- 
ing south to Des Moines. Another lobe entered north- 
eastern Illinois but did not extend as far to the west or 
south as the Early Wisconsin. In eastern Indiana and 
western Ohio, however, it covered nearly all of the Karly 
Wisconsin drift while it overrode all earlier drift in 
northeastern Ohio. South of the glacial drift the coun- 
try is badly dissected all the way from eastern Ohio to 
Missouri. In the Plains Region, however, the relief is 
moderate. The Late Wisconsin drift has many strong 
morainal ridges and depressions while the Early Wiscon- 
sin, although it has some strong moraines, is nearly level 
over large areas in east central Illinois. All the earlier 
glaciations left a comparatively plain surface, a large 
part of which has not been dissected up to the present 
time. Before the advance of the Late Wisconsin glacier, 
the Mississippi, the Illinois, and the Rock rivers had cut 
large valleys and had dissected the adjoining country to 
some extent. During the retreat of the last ice sheet, 
Lake Chicago was formed at the south end of Lake Mich- 
igan basin and Lake Maumee at the west end of the Erie 
basin. Both of these lakes found outlets to the south- 
west, the former emptying into the Illinois river and the 
latter through the Wabash valley into the Ohio river. 


During the advance of each ice sheet, the timberline 
was depressed and the forest trees pushed farther and 
farther to the south. In hilly country the conifers proba- 
bly oceupied the hilltops and exposed slopes while the 
hardwoods were distributed along the protected slopes 
and in the valleys. Between the timberline and the ice 
front tlere was a tundra, whose width depended on the 
topography. At the time of the maximum advance of the 
last ice sheet the ice front was against rough hilly country 
in eastern Ohio, and the area of tundra in this place 
must have been small just as it is in mountainous Green- 
land today. In western Ohio and Indiana the tundra 
probably was wider but still rather narrow. Farther 
west, where the earlier glaciations left a comparatively 
flat surface, the tundra must have been very wide as it 
is in the flat country of north Siberia today. It seems 
probable that the tundra covered all the region between 
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the ice front and the Ozark Hills in Illinois and the dis- 
sected bluffs of the Missouri river in Missouri. In the 
Plains Region the tundra probably was bordered by prai- 
rie. The dessicating action of the strong winds would 
not permit the growth of trees except along protected 
stream slopes and possibly in some depressions. 

Kach glacial advance probably represents a long period 
of years during which the annual snowfall was greater 
than the annual loss of ice by melting. On the other hand 
the glacial retreats probably represent periods during 
which the snowfall was less than the loss by melting. 
The changes, then, which accompanied both advance and 
retreat must have been gradual. As the ice retreated it 
left a bare area composed of ground up rock fragments. 
This bare area was invaded by the mosses and lichens 
of the tundra because they can grow on such a substra- 
tum and can endure the severe climatic conditions found 
immediately below the glacial ice. As the ice retreated 
farther and farther to the north, other plants invaded 
the tundra. The dessicating action of the wind pre- 
vented tree development in exposed situations, so the 
trees invaded the protected slopes along streams and 
morainal ridges while grasses occupied the intervening 
areas. Swamps grasses and sedges undoubtedly were pio- 
neers but, as the higher ground dried out, it probably was 
occupied by xerophytic grasses and the pioneers were 
restricted to the depressions which remained wet 
throughout the summers. In the Plains Region xerophy- 
tic grasses invaded the tundra and then moved east as 
far as Ohio, occupying all the high ground except the pro- 
tected places where trees were able to grow. 


Two kinds of tree vegetation invaded the tundra; the 
bottomland vegetation along the flood plains of the 
larger streams and the upland vegetation along morainal 
slopes and stream bluffs. In the former the pioneers are 
the willows followed by the river maple, cottonwood, ash, 
the elms, linden, the walnut and butternut, and the pig- 
nut. The pioneers of the latter are pines or xerophytic 
shrubs, followed by oaks, then maples, and, in some 
places, the beech. Pines have undoubtedly advanced 
along some of the stream bluffs and some remain as 
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relics along the Illinois and Rock rivers. It is probable 
also that they advanced along the steeper morainal 
ridges, especially those that are sandy or stony. Pines 
still remain on some of the sandy moraines in Ontario. 


As streams and gullies cut back into the prairie, their 
slopes are invaded by shrubs and trees. Where the 
stream bluffs are low and but little dissected the timber 
belt is narrow but, where there is much erosion, the tim- 
ber belt is correspondingly wider. Where streams cut 
through moraines, the forests have spread out along the 
morainal slopes. This is noticed along the Kaskaskia at 
Shelbyville and along the Embarrass at Charleston. The 
shores of small lakes probably have been invaded by 
bottomland forests from nearby streams. These forests 
gradually move inward as the lakes fill up or become 
drained. Some depressions develop into bogs which may 
be invaded by forests. Along the borders of forests, the 
prairie grasses are killed out by the shade and the wind 
velocity is checked so that tree seedlings are able to 
grow. In this way the forests enlarge at the expense of 
the prairie. 


As already mentioned, most of Illinois is a region with ~ 
low relief which probably was occupied by a tundra at 
the time of the Late Wisconsin glaciation. This region 
became a prairie at the close of the ice age and much of 
it still remains prairie because post-glacial time has been 
too short for the invasion of such large relatively flat 
areas by forests. The Late Wisconsin drift has more 
relief and can be invaded more rapidly by forests. For- 
ests advancing up the Mississippi, the Rock, the Illinois, 
and the Wabash rivers invaded the Late Wisconsin drift 
and spread rapidly over its surface. Farther east the 
tundra belt was narrow and easily crossed by the forests 
so that invasion was rapid. These differences in topog- 
raphy and consequent differences in rate of forest 
invasion explain why Illinois still has large areas while 
the states to the north and east are almost completely 
timbered. It also explains why forests are found on the 
moraines in northern Illinois but only along the streams 
in southern Illinois, 


? 

| 
— 
| 
— 
ay 
— 
5 
4 
3 
Bd 
‘ 


PAPERS ON BIOLOGY AND AGRICULTURE 263 


The idea of Lesquereux ‘‘that all the prairies of the 
Mississippi Valley have been formed by the slow recess 
of sheets of water of various extent, first transformed 
into swamps and by and by drained and dried’’ is no 
longer tenable. It is true that glacial Lake Chicago and 
glacial Lake Maumee, as well as many smaller lakes, be- 
came swamps and later either prairies or forests, but 
there is no evidence that all of Illinois and the neighbor- 
ing states, or even a large part of them, were ever covered 
by water since the ice age. The ‘‘prairie fire’’ theory 
has still less in its favor. Prairie fires may check the 
advance of the forests but it is not likely that forests de- 
stroyed by fire are ever replaced by prairies. Such areas 
usually are invaded by weeds followed by briers, then 
scrub, then forest. 

Prairies are treeless because conditions, at the time of 
their origin, favored the invasion of a grass vegetation 
rather than a tree vegetation. The prairies of Illinois 
arose from a tundra which bordered the ice sheet and in- 
vaded the drift as the ice retreated. This tundra was 
invaded by prairie grasses except along streams and 
morainal ridges where the uneven topography checked 


, the wind velocity and reduced evaporation so that tree 


seedlings could grow. Forests have been steadily in- 
vading the prairies since the ice age but the rate of ad- 
vance is so slow on the relatively flat surface of Illinois 
that large areas still remain as prairies. In the states 
to the north and east invasion has been more rapid be- 
cause of rougher topography and most of these states 
have been forested. 
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THE PROBLEM OF COLD LIGHT 


Harvey A. Nevitie, Untversity or 


The exact nature of light is not understood, but our 
present conception of it is something of a compromise 
between the wave theory and the earlier corpuscular 
theory. From a consideration of the recent discoveries 
of Planck, Thompson and Einstein it is concluded that 
light consists of discrete particles or atoms of energy, . 
each with a specific energy content E=hy, moving with 
velocity ec, and having a mass e/c®. (h is Planck’s con- 
stant =6.55x10—-”" ergs per sec. ;V is the frequency of 
vibration. ) 

Light energy is emitted by matter when in an excited 
state. This excitation may be induced by various means, 
the most general being by increasing the temperature of 
the system. A black body is non-luminous up to 500° C. 
due to the limit of sensitivity of the human eye. If the 
eye were sensitive to longer wave lengths of the infra- 
red, lamp-black would appear highly luminescent among 
other bodies at the same temperature. All substances 
whose temperature is above absolute zero emit simple 
thermal radiation. The higher the temperature the more 
rapid the vibration of the atoms and electrons and there- 
fore the shorter the wave length. At sufficiently high 
temperature the wave length of the emitted radiation 
corresponds to the range of the visible spectrum. 

The total radiation of a body increases directly at the 
fourth power of the absolute temperature; as stated by 
Stefan’s law R=kT*. As the temperature rises the 
Maximum-power radiation recedes to shorter wave 
lengths. The expression of this relation, known as 
Wien’s law, is 
h=kT— or AT=k. 

A body which is emitting light by purely thermal radia- 
tion, in agreement with the two laws just mentioned, is 
said to be incandescent. A body which is emitting a 
greater total radiation than can be accounted for by its 
temperature alone is said to be luminescent. It is light 
produced in this way, unaccompanied by the theoretical 
amount of heat, that is referred to as cold light. For 
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example, the flame of carbon disulfide has a temperature 
of only 150° C. but it is luminiscent and can affect a pho- 
tographic plate. Pure temperature radiation at 150° 
would be far in the infra-red and entirely devoid of any 
photochemical action. 

Artificial illumination at present depends entirely 
upon the emission of light from incandescent solids or 
gases. Because of the high temperature required to 
maintain this condition, by far the greater proportion of 
the energy supplied is converted into heat and wasted 
rather than emitted as light. Heat, light and electricity 
are all forms of radiant energy; the essential distinction 
is«a difference in wave length. The visible spectrum, 
comprised between the extreme violet and the extreme 
red, is but a small portion of the complete spectrum. 
Chart I shows the relation of the various forms of energy 
radiation and the distribution of the energy from several 
sources of radiation. 

CHART I 


Note that all wave lengths in the visible spectrum are, 
not equally visible. There is a maximum of visibility 
nearly corresponding with the maximum of the sun’s’ 
radiation. The visibility curve is indicated in the small 
rectangle. 

The sun emits a practically continuous spectrum cor- 
responding to that from a black body at a temperature 
of 6,000° K- which is therefore taken as the temperature 
of the sun. Its maximum-power radiation is at a wave 
length of 5,600 A* which is in the yellow-green of the 
visible spectrum. About 25 per cent of the radiation of 
the sun is in the ultra-violet, although only about 3 per 
cent of it reaches us, the very short wave lengths being 
absorbed or dispersed by the atmosphere. Practically 
all the rays of wave length shorter than 3,000 A are 
eliminated in this way. 

The radiant energy of the fire-fly is entirely within the 
visible spectrum. This is an example of an ideal cold 
light. It has been impossible to detect the evolution of 
any heat from this source. 


8 -8 
*A=Angstrom unit=10 cm, 
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If the radiations of an ordinary carbon or tungsten 
filament could be converted into shorter wave lengths, 
it would produce a light as efficient as the fire-fly and of a 
more desirable quality. Electrical transformers are 
used to step-up voltage; if there were a radiant energy 
transformer to step-up vibration frequency, the infra- 
red rays could be converted into visible light. The curves 
illustrate the immense waste in producing light by pres- 
ent methods. 

It is clear that for economic reasons research should 
be directed toward finding a more efficient means of pro~ 
ducing light—that is, to reduce the amount of heat that 
is generated when a body is caused to become luminous, 
or to devise some method of producing light other than 
by purely thermal emission. 

Electricity is by far the most convenient, safe, and 
satisfactory means of producing light yet devised; and it 
seems likely that the solution of the problem of efficient 
lighting, at least for a long time, will consist in some ap- 
plication of the electric current. A comparison of the 
relative efficiencies (or inefficiencies) of various means 
of illumination shows that, although electrical means are 
better than others, they are still extremely wasteful. 

In measuring quantity of light, as in the ease of elec- 
tricity, there is an intensity factor and a capacity factor 
to consider, besides several other factors which deter- 
mine the quality of the light. The unit of light intensity 
is the candle-power, the unit of quantity or flow of light 
is the lumen. In proper illumination a balance between 
the two must be attained. Efficiency calculations based 
upon the two factors separately and upon data from dif- 
ferent sources agree only roughly, but all values point 
to the same conclusion—that our best sources are very 
poor when compared with ideal conversion of energy 
into light. 

Coblentz' has determined the mechanical equivalent of 
light and has shown that the theoretical conversion of 
power into light of maximum visibility (yellow-green 
light) is 617 lumens per watt. The conversion of solar 
radiation is only 86.5 lumens per watt, so the sun, con- 
sidered as a light producing source, is only 14 per cent 
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efficient—though in this case we are grateful for the heat 
also. Chart II shows the efficiency of various light 
sources calculated on the basis of power consumption for 
light produced. A candle power of brightness should 
give a flux of 4n or 12.56 lumens but in practice a lower 
value is usually obtained. 


CHART II 


Tungsten at its melting point, 3670°K, would emit 57 
lumens per watt (an efficiency of 9.24 per cent) but its 
rate of evaporation is considerable even below this tem- 
perature. Progress with incandescent filaments depends 
upon finding a material with a lower rate of evaporation 
and a higher melting point. Thus carbon, which has been 
displaced by tungsten as a filament material, may come 
back into use, since it has a much higher melting point, if 
certain of its disadvantages can be overcome. 


Another possibility is to find a suitable gaseous envel- 
ope which will reduce the loss of material due to evapo- 
ration. Or it may be possible to control the emissive 
properties of matter to procure proper selective radia- 
tion. It has been pointed out that the maximum possible 
efficiency of selectively radiating rare-earth oxides in an 
ordinary Bunsen flame is thirteen times that of the in- 
candescent mantle. It is known that most of the white 
refractory oxides, such as lime and magnesia, as well as 
the oxides of the rare earths are thermo-luminescent. 
That is, when heated they emit a greater amount of vis- 
ible light than can be accounted for by their temperature 

The luminosity of electrical discharge in gases must 
be considered. Incandescent solids emit continuous spec- 
tra while incandescent gases give selective emission. If 
this radiation happens to be in a part of the visible spec- 
trum that is desirable as illumination, the luminous effi- 
ciency may be very high. Lamps are being operated on 
this prineple in England at a consumption of 0.5 watt 
per candle power. Their development has just begun, 
and since a very high intensity has not been attained 
they are being used mainly as glow lamps and for adver- 
tising display. The Germans claim to have developed 
this method of light production to a still higher efficiency. 
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We are familiar with the use of the same principle in the 
spark-plug tester containing neon gas. 


So far only luminescence produced by thermal or elec- 
trical means has been considered. Some other light- 
producing phenomena will now be indicated. 


When light strikes a body it may be in part transmit- 
ted, reflected or absorbed. That which is absorbed may 
be re-radiated in longer wave lengths. This is called 
fluorescence. The light energy may actually be stored 
and emitted later—which is called phosphorescence. 
The only distinction between these two phenomena is that 
phosphorescence may continue after the incident beam is 
cut off while fluorescence does not. In some cases the 
incident beam is of longer wave length than the emitted 
beam. Here the vibration seems to have been stepped- 
up to a higher frequency. This phenomenon is known 
as calorescence. 


Phosphorescence and fluorescence in substances is 
thought to be due to minute traces of impurities. Per- 
fectly pure substances are incapable of phosphorescence. 
A certain proportion of the impurity gives a maximum 
effect. Thus phosphorescence is governed by the follow- 
ing eonditions: 

1. The amount of the impurity present. 

2. The nature of the impurity. 

3. The temperature of the substance. 

4, The intensity and duraton of the light stimulus. 


Ultra-violet light is more active in producing phos- 
phorescence and fluorescence than is ordinary light. 
Ultra-violet light can thus be converted into visible light. 
The mercury are and the magnetic are give a light rich 
in ultra-violet. Quartz is used rather than glass for the 
mereury are because its high melting point (1700° C.) 
allows a higher temperature for the are and hence a bet- 
ter efficiency, and also because quartz allows a thousand 
times as much ultra violet light to filter through as does 
glass. All radiations of wave length less than 3300 A 
are absorbed by glass. Quartz is permeable to light of 
wave length above 1850 A. 
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The production of light in chemical reactions, or chemi- 
luminescence, is fairly common. The crystallization or 
precipitation of certain salts may be accompanied by 
luminescence. Slow oxidation of organic matter, such 
as rotten wood, decayed fish and meat, and the oxidation 
of phosphorus are luminescent. The glow of phosphorus 
is often erroneously referred to as phosphorescence, but 
it has been found to be due to the second stage in the ox- 
idation of phosphorus—that of P.O, to P.O;. The bio- 
luminescence of bacteria, the fire-fly and the glow-worm, 
is likewise produced by oxidation. The production of 
light by the fire-fly has been studied thoroughly by Prof. 
Harvey of Princeton*. He has been able to extract two 
substances from the fire-fly, luciferin, an oxidizable ma- 
terial, and luciferase, an enzyme which is a catalyst for 
its oxidation. When these substances are mixed in con- 
tact with air or an oxidizing agent, light is produced. 
Prof. Harvey points out that the heat of the reaction is 
extremely small and the product of the oxidation is oxy- 
luciferin and not carbon dioxide and water. Hence the 
reversal of the reaction and regeneration of the luciferin’ 
should be easy. ; 


The light of the fire-fly is of interest principally be- 
cause it proves that an ideal cold light is not an impossi- 
bility. In this paper it has been endeavored to emphasize 
the extreme inefficiency of present methods of light pro- 
duction. A careful study of the natural phenomena out- 

‘lined above may suggest means of improving luminous 
efficiency. If we follow the advice of Louis Agassiz and 
‘“study Nature, not books,’’ some success in this direc- 
tion will no doubt be attained. 


CHART 2—LUMINOUS EFFICIENCY. 
L/W Per Cent 


Mercury Arc 

Flaming C Arc 

W. in Argon (3,000° K) 
W. in Vacuum 

Nernst Rare Earth Glower 
C. Filament 

Inc. Mantle (C:H:) 
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ILLINOIS STATE ACADEMY OF SCIENCE 
STANDARDIZED TESTS 


W. C. Hawrnorne, Crane Junior Cxrcaco 


Tests or examinations of some sort are a recognized 
part of the instruction in every serious course of study. 
If it is a standard course,—one in which the same topics, 
essentially, are given to large numbers of classes, the 
tests in the different classes will necessarily be somewhat 
alike. If a test covers materials commonly given in 
all schools, and if we know, not merely guess, what the 
average student should do on such a test,—better still, 
if we know what the best ten percent will do, the next 
best ten percent, and so on, we shall have a Standardized 
Test. 

The preparation of a Standardized Test involves much 
more work than is given commonly to a set of ordinary 
examination questions. The subject matter of the test 
should cover not only what has just been studied but what 
we may reasonably except will be studied next year and 
every year inall schools. This will make a long examina- 
tion, you may say. It is true, but not a long one for the» 
pupil to answer, or for the teacher to score, as I shall , 
show. Moreover, the Standardized Test parts company 
with the idea that any pupil shall answer all the ques- 
tions. If the test is to be used in many different schools, 
in order to give every one a chance, it should contain 
from twenty-five to fifty questions, correct answers for 
sixty percent of which may, perhaps, be regarded as a 
high score. 

Such a,test as this is scored easily if the answers are 
very short. There are several types of questions admitt- 
ing of such answers, and they need not be of the ‘‘yes or 
_no’’ type either. First may be placed numerical pro- 
blems, and the pupil should have been trained to indi- 
cate the process by which the answer was obtained; not 
the literal formula, but one containing all the numerical 
data, with the operations indicated. Perhaps the pupil is 
called upon to indicate, by underscoring, which of several 
answers given is the correct one. Perhaps certain state- 
ments are given, to be checked as true, false or uncer- 
tain. I think the ‘‘true-false’’ test, and especially the 
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usually recommended method of summing up the scores 
(i. e. rights minus wrongs) is about discredited. Not 
only may guessing play too large a part in the student’s 
performance, but the subtraction of the number of 
‘‘wrongs’’ from ‘‘rights’’ may leave him with a minus 
score. Moreover, it can be proved that the subtraction 
of all or any part of the wrong answers from the number 
of right ones leaves the examinee with exactly the same 
relative rank in the class as when the usual method is 
followed,—counting up the correct answers only. But 
if a third type of statement be added, the truth or falsity 
of which it is impossible to determine from the data 
given, and if, moreover, both false and uncertain state- 
ments are so worded as to have a considerable air of 
plausibility, the possibility of getting a high score by 
guessing is probably no greater in this than in any other 
test. Still another type of easily scored question is that 
in which the one word which gives the correct meaning 
to a sentence is omitted. Considerable skill is needed 
here, if the missing word is not to be too obvious on the 
one hand, or the meaning of the sentence, on the other 

hand, too obscure even to-those well acquainted with the 
subject. It is obvious that the wording of questions must 
be such that teachers cannot disagree on the scoring of 
any question. 

The arrangement of the questions will depend upon 
two points of view; whether we wish to test the student’s 
quickness to recall and use facts which should be thoroly 
known; or to determine his grasp of the subject,—his 
power. If the former, we will make the questions in any 
set uniformly difficult, and impose a sharp time limit, so 
that only the quickest will be able to finish; if the second, 
we will let the questions in each set increase sharply in 
difficulty, so that only those who have the greatest men- 
tal power will be able to answer all. Plenty of time 
should be allowed on this test, and in order that those 
who get through first shall not disturb the others, ad- 
ditional questions should be provided, the scores of 
which, however, should not be recorded with the others. 
At Crane Technical High School and Junior College, we 
have now in preparation physics tests in sets of twenty- 
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five questions, with as many alternative sets as possible, 
ef which the high scheol pupils are expected to answer 
the first twenty, and the eollege students the whole num- 
ber. Not infrequently the self complacency of some eare- 
less collegian has received a severe jolt, when we have 
shown him that his score on a certain test is less than 
that of the average high school boy. 

We are now ready to give the test for the first time. 
It is evident that the usual precautions to prevent copy- 
ing and communication are more necessary when the 
answers are as short as in this sort of a test. There 
should be a printed or mimeographed sheet of the ques- 
tions for each student. Distribute them face downward, 
not to be looked at until the signal to begin is given. I 
have not been able to discover that it makes any differ- 
ence whether the answers are written on the same or an- 
other sheet of paper. If the questions are supposed to 
be of about equal difficulty, note the time of starting, and 
stop when the first few have finished. This gives an idea 
of the standard time to be fixed for the test. 

Before scoring, prepare a key on a slip of stiff card- 
board, with answers so placed that they correspond in 
position with the answers on the students’ papers. If — 
the test is answered by underlining words, or filling in 
blanks, the key may be made on a sheet of celluloid or 
transparent paper, or a cardboard with holes at the prop- 
er places to show the correct answers. With such devices 
as these, the drudgery of scoring the papers is reduced to 
a minimum, and it is very evident that more questions 
per tests, and more tests per year, can be handled with- 
out adding to the already heavy burden of the conscien- 
tious teacher. Add to this the moral satisfaction of 
knowing that you have eliminated from your grade book 
the influence of the famous ‘‘sweet smile and winning 
way’’, and you will be willing to take the extra trouble 
necessary in preparing the tests. 

Although in assigning values to correct answers it is 
very easy to say that students should be marked as right 
or wrong only, in practice it is often very difficult to do. 
Suppose a pupil has worked a problem by the right 
method, but because of a mistake in arithmetic, or a mis- 
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take in copying, he puts down the wrong answer. Should 
he not get some credit for it? Many questions, again, 
can not be answered properly by the use of several 
words. Suppose the full answer is ‘‘Simple harmonic 
motion’’ and the student writes ‘‘Harmonic motion.”’ 
It is neither completely right nor completely wrong. It 
has therefore been my custom to give two for correct an- 
swers, one those partly right. Elaborate methods have 
been worked out for giving weighted scores, the values 
of which are proportional to the percentage of pupils 
failing on each question. It is doubtful if such a scheme 
is worth the trouble it takes. Better recast the whole test 
if there is any great difference in the difficulty of the 
questions. 

Having scored the papers, we must next study them 
for certain necessary information. To find whether the 
test is too hard or too easy, we plot a curve, using the 
scores as abscissas, and the number of pupils making 
each score as ordinates. An approximation to the nor- 
mal probability curve shows that we have a test reason- 
ably suited to the capacity of our class; if it is skewed to 
the right, it is too easy; if to the left, it is too hard. 

We may next study the relative difficulty of the ques- 
tions by recording the number of times each question has 
been missed. If any question has been missed by no one, 
it is too easy and should be dropped. On the contrary, if 
any question is missed by all, it is too hard; the form is 
ambiguous, or the content is too difficult for their com- 
prehension, or the subject has not been taught properly. 
It should be dropped or reshaped. If the number of cor- 
rect answers to each question runs ninety-five to five per- 
cent, we may conclude that we have a good set. 

The next step is to revise the questions, eliminating 
some, inserting others, restating some, and putting the 
harder questions toward the end. Another trial on the 
same or a similar class should be much more satisfactory; 
that is, it should give a nearly normal distribution in 
which the failures should be much more numerous in the 
latter part of the test than in the first part. 

We are now ready to compare the grades on this par- 
ticular set of questions with a criterion. About the only 
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one we have is the teacher’s judgment, as derived from 
his knowledge of their laboratory work, their written 
reports, their daily recitations and the average of all 
their previous tests to date. If in general the best stu- 
dents have made the best scores and vice-versa,—in other 
words if there is a high correlation, say 0.6 or more, be- 
tween the class grades and the results of this test, we 
may conclude that we have a satisfactory test. Standard- 
ization may then proceed as fast as we can give the test 
to other classes in the same or other schools, accumulate 
and classify the scores, and establish norms. 

What about the student’s reaction to this type of tests? 
Uniformly satisfactory. They do not dread them; they 
are even eager for them. It is amusing to see them ‘‘get 
set’’ and ‘‘go’’ after a few experiences, and settle down 
to a good natured race to get every word possible written 
in the ten or fifteen minutes before ‘‘time’’ is called. 
They feel that the larger number of questions gives them 
a better chance of telling what they know, and there is 
never any chance for a difference of opinion as to what 
a certain answer is worth. 

Finally, no claim is made that all the testing of a year’s 
work can be done with this kind of tests. Even for the 
measurable results of our work, an occasional one or two 
hour test of the old type is desirable. And no scheme of 
‘‘testing’’, no matter how perfected, should blind our 
eyes to the most important objectives of our work :— 
the appreciation and love of science, the habit of mental 
honesty, and of deferring judgment until all available 
evidence is, weighed carefully; in a word, that attitude 
of mind that will make of the raw material that comes to 
us good citizens and reverent, obedient inhabitants of a 
Universe that is governed by Law. These are things 
that can not be measured by an examination nor express- 
ed by grades in a class-book. 
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PHOTOELECTRIC EFFECT OF CAESIUM VAPOR 
AND A NEW DETERMINATION OF h, THE 
UNIVERSAL CONSTANT OF PLANCK 


JakoB Kunz E. H. Unrversiry or 


The ionization potential V: is related to the conver- 
gence frequency n: of the principal series in the spec- 
trum of the gas by the expression 

Vie=hn 
where h is Planck’s universal constant and e the charge 
of the electron. 

In view of the results in the X-ray region, we may ex- 
pect an interchangeability in the effect of electron colli- 
sion and radiation, i. e., we may expect a gas to be ionized 
whether it is struck by an electron moving with the criti- 
cal velocity corresponding to V; or illuminated by radia- 
tion of the corresponding wave length. 

To test this, caesium vapor was illuminated by ultra- 
violet light. The result was that for light below a cer- 
tain wave length, about 318»p, ionizatiompwas produced 
whereas above this value no effect could be detected. Sub- 
stituting in the above equation the frequency correspond- 
ing to the wave length 318» and the known values of V; 
and e we obtain for h the value of 6.58.10-” ergs while 
the accepted value determined by other methods is 
6.55.10-“ergs. 
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A COMPARATIVE. STUDY OF SOIL ACIDITY 
METHODS ON ILLINOIS SOILS 


EK. E. DeTurK anp J. W. Coate, Untverstry or 
INTRODUCTION 


Much effort has been spent by agricultural investiga- 
tors in determining the so-called lime-requirement or 
acidity of soils. That much of this effort is justified will 
be conceded, when it is recognized that the major portion 
of all agricultural land in the humid regions of the Uni- 
ted States is ‘‘acid,’’ and that on such lands the correc- 
tion of this condition is fundamental to the establishment 
and maintenance of crop production at a reasonably high 


-level. 


Under humid weathering conditions the decomposition 
of soil minerals is accompanied by the liberation of basic 
elements in the form of soluble compounds, largely 
through the action of water and carbonic acid. The sol- 
uble bases are removed, partly in the ground-water and, 
in tilled soils,4n the crops harvested from the land. The 
continual removal of basic elements at a more rapid rate 


than that at which the acidic elements are removed pro- , 


duces several conditions in the soil, which taken together, 
make it an unfavorable substrate for the growth of many 
of the most important farm crops. In soils which have 
developed a very high degree of acidity, practically all 
plants refuse to grow. Some of the more important fac- 
tors of soil acidity may be enumerated as follows: 

(a) "The presence of hydrogen-ions, indicating true 
acidity in,the chemical sense. 

(b) Insoluble acids and acid salts. 

(c) Colloids, both organic and inorganic, most of 
which absorb basic ions, rather than acid. 

(d) Aluminum compounds which are either soluble or 
in a combination sufficiently ‘‘active’’ as to be rendered 
soluble by reaction with neutral salts, or to affect unfav- 
orably the growth of plants. 

Each of these factors taken separately may not be 
necessarily toxic to growing plants; indeed corn, wheat, 
rye and many other crops grow best in a soil containing 
a low concentration of hydrogen-ions. However, since 
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these and other factors contribute in varying degrees to 
the results obtained by the application of various acidity 
methods to soils, these various methods can not be ex- 
pected to give concordant results. 

It is the purpose of this paper to record the results 
obtained in a comparative study of five different soil 
acidity methods, as applied to a number of Illinois soils 
which vary rather widely in type and in lime-require- 
ment. 

THE METHODS 


Three of the methods used, those of Hopkins, Veitch 
and Jones, are recognized as quantitative. The Comber 
and Truog methods, which were designed primarily as 
qualitative tests for field use, furnish also a rough index 
of the degree of acidity. 

The Hopkins method consists essentially in shaking 
100 grams of soil continuously for three hours with 250 
ce. of normal potassium nitrate solution. After settling 
has taken place, 125 ce. of the solution are decanted and 
titrated with standard alkali, after boiling to remove 
carbon dioxide. From the titration value and a factor 
proposed by Hopkins,: the lime-requirement is com- 
puted in terms of calcium carbonate equivalent. 

In the Veitch method, separate 10 gram samples of soil 
are treated with increasing amounts of standard calcium 
hydroxide solution and evaporated slowly to dryness. 
Then, after a short digestion on the steam bath with dis- 
tilled water, a portion is filtered off and boiled down 
nearly to dryness and tested with phenolphthalein. From 
the amount of Ca(OH), used in the sample which is neu- 
tralized, is computed the lime requirement. 

The Jones method consists in grinding a small sample 
of soil, dry, in a mortar with a weighed quantity of cal- 
cium acetate. When thorough mixture is effected, dis- 
tilled water is added, the whole stirred for one minute, 
filtered and titrated with standard alkali solution. 

It will be noted that the Hopkins and Jones methods 
depend upon reaction with a neutral salt for liberation 
of acid-reacting compounds from the soil, while the 
Veitch method measures the absorption capacity of the 
soil for a free base. 
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In the Comber test, advantage is taken of the fact that 
iron and aluminum occur in acid soils in a combination 
that can be broken up by reaction with a salt, as KCNS, 
and it is essentially a test for ferric iron in such form. To 
2 or 3 grams of soil in a test tube is added an excess of 4 
per cent KCNS in 95 per cent aleohol. After shaking 
thoroly and allowing to settle, the supernatant liquid be- 
comes red within 15 minutes if the soil is acid. The red 
color is due to the formation of ferric thio-cyanate. 


The Truog test, like those of Jones and Hopkins, relies 
upon reaction with a neutral salt to liberate acid-reacting 
substances. The soil is mixed with zine sulfide and bar- 
ium chloride. Distilled water is then added and the mixt- 
ure boiled. A strip of filter paper, saturated with lead 
acetate, is held over the flask and is blackened by the for- 
mation of PbS from the H.S liberated from the flask. 
The intensity of blackening is presumably proportional 
to the acidity of the soil. 


EXPERIMENTAL 


Fifty-seven samples of surface soil (0”’—6%”) were . 
selected from the stock samples collected in various parts 
of the state, representing twenty-six soil types. These 
were selected to represent a wide range of lime-require- 
ment as previously determined by the Hopkins method. 
For the presentation of data, these soils were classi- 
fied into five groups, each group containing soils similar 
in physical and textural characteristics. These groups 
are as follows: 


I. Sandy soils (8 types.) 

II. Light colored silt loams (5 types). 

III. Dark colored silt loams (4 types). 

IV. Clay loams and clays (5 types). 

V. Black soils, high in organic matter (4 types). 


The results of the tests by each of the five methods are 
presented in Tables I to V inclusive, each value repre- 
senting the average of closely agreeing duplicate deter- 
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minations. The content of total organic carbon and of 
calcium are included also in the tables. For the sake of 
convenience in studying the relative values obtained, the 
soil numbers are arranged in order of increasing values 
as determined by the Hopkins method. 


The results are graphically expressed in Figs. 1 to 5, 
inclusive. 
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DISCUSSION OF RESULTS 


The two outstanding results of this study are first, the 
lack of agreement of the three quantitative methods 
studied, and second, the low values obtained by the Hop- 
kins method as compared with the other two. The only 
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semblance of a correlation is in the group of light colored 

silt loams. In only three cases are the results by the 
Hopkins method higher than by the Jones; in one case ; 
they are greater than the results by the Veitch method, 

and in three other cases they are higher than the results 
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by both the Jones and Veitch methods. These seven soils 
showing relatively high Hopkins values are for the most 
part low in organic matter, being yellow silt loams or 
sandy soils, although one is classified as black mixed 
loam. There are six soils having a lime-requirement of 
more than 1000 pounds per acre by the Hopkins method 
and the other methods agree in showing these soils to be 


Clay loams and clays. Soils very high in organic matter 
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highly acid. They do not agree, however, in the degree 
of acidity. These soils, with one exception, are of types 
characteristically low in organic matter. It has been 
generally observed that the majority of Illinois soils 
actually need considerably larger applications of lime- 
stone in order to grow the more acid-density crops than 
are indicated by the results obtained by the Hopkins 
method. 
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A considerable number of soils which are high in or- 
ganic carbon content were found to give high lime-re- 
quirements by the Veitch and Jones methods. On chart- 
ing all the results in order of increasing content of or- 
ganic carbon, however, no indication was observable of 
a causal relationship. When all the results were similar- 
ly charted in order of increasing total calcium content of 
soil, no relationship whatever was found between total 
calcium and lime-requirement as determined by any 
method. 

The wide divergence between the Hopkins method on 
the one hand, and the Veitch and Jones methods on the 
other, is in accordance with what one might expect when 
the principles involved in the methods are considered. 
The Veitch method measures essentially the total absorb- 
ing power of the soil for the free base, since Ca (OH), is 
the reagent used. The absorbing capacity of the soil is 
a lesser factor in the Jones calcium acetate method, the 
calcium ions being in equilibrium with those of a weak 
acid, while in the Hopkins method absorption phenomena 
are more largely excluded. Potassium ions, which under 
similar conditions are absorbed more readily by most 
soils than are calcium ions, are here combined with a 
strong acid into one of the most stable salts. It is alto- 
gether probable that absorption plays some part in the 
exchange of bases which occurs in this determination, 
as a result of which aluminum salts are brought into solu- 
tion. These undergo hydrolysis, yielding an acid solu- 
tion which may be titrated until all the aluminum is pre- 
cipitated as the hydroxide. It is of interest to note that 
Dr. Veitch criticized the Hopkins method when it first 
appeared on the ground that it was essentially a method 
for the determination of soluble aluminum in soils. At 
that time aluminum was not recognized as a factor in the 
toxicity of acid soils to crops. The discovery of alumi- 
num toxicity has converted this objection into an advan- 
tage for the method. 

It may be observed that the divergence between the 
Hopkins, and the Veitch and Jones methods is slightly 
greater in the soils represented in Figs. 3, 4, and 5, than 
in those of Figs. 1 and 2. The former three groups con- 
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sist of soil types which ordinarily contain a larger pro- 
portion of combined organic and inorganic colloidal con- 
stituents than the soils shown in the latter groups. This 
statement can be taken as no more than a mere indication 
of a possible relationship between colloidal content and 
high results by the Veitch and Jones methods. 

An attempt was made to compare the Comber and 
Truog field tests with the quantitative methods discussed. 
In studying Comber’s test, 17 shades of color were pre- 
pared as standards for comparison of the colors obtained 
with the various soils. These were prepared by adding 
increasing quantities of FeCl, to an alcoholic solution of 
KCNS. The shades obtained in the Truog test were 
classified into 13 groups and numbered from 1 to 13. In 
order to have these ‘‘Truog numbers’’ comparable with 
the ‘‘Comber numbers’’ they were each multiplied by 
the factor 17/13 or 1.3. Again in order to increase the 
scale so that these results could be charted along with 
those from the quantitative methods, the results of both 
tests were further multiplied by 20. 

The results obtained in these two tests appear to agree 
rather closely, but show no correlation with the quantita; 
tive methods used. Field observations with the Comber, 
test indicate that in general soils which give a red or pink 
color will not grow sweet clover or alfalfa and will not 
grow red clover satisfactorily without the application 
of limestone. Further than this, quantitative deductions 
can not safely be made. 

In another series of nearly 200 tests, not reported here 
in detail, the Comber test was compared with the Hop- 
kins method on soils covering a wide range of types and 
degrees of acidity and alkalinity. The.Comber test con- 
sistently gave negative results on those soils reacting 
neutral or alkaline to the Hopkins test, while a red color 
was produced invariably with those soils having a lime- 
requirement of 40 or more pounds per two million pounds 
of soil. In these tests, the color intensity was of no signi- 
ficance from a quantitative point of view. 

In a further study of the Comber test, samples of a 
very acid soil (No. 2009) were extracted with water and 
alcohol respectively. These extracts were both distinctly 


x 
4 
f 
q 


JS 


PAPERS ON CHEMISTRY AND PHYSICS 293 


acid, showing a Ph value of 5.0 to 3.5 by the colorimetric 
method. They were free from ferric iron, since 
they failed to respond to KCNS additions, although a 
positive reaction was secured by adding Comber’s solu- 
tion to the soil itself. The intensity of the color is re- 
duced greatly by substituting an aqueous solution of 
KCNS because of the excessive ionization of the colored 
ferric salt. 

Since the intensity of the red color is dependent upon 
the amount of iron which can react, the iron content of 
the soil might be expected to affect the results. It has 
been found, in fact, that this is true. Five soils (numbers 
1620,.1717, 2015, 4471, 8153), showing a faint pink color 
with KCNS, were moistened and treated with iron filings. 
After standing two days they were dried and then taken 
up with KCNS as usual. The color was intensified con- 
siderably in each case. 

It has been observed frequently that this test is not 
applicable to peat or peaty soils, no color being produced 
even by very acid peats. This was conceived to be due 
to a possible iron deficiency. Accordingly several peat 
soils ranging from alkaline to acid by the Hopkins 
method were treated with the Comber solution, both 
with and without the addition of iron filings. All those 
without iron filings were colorless. In each case the 
samples with iron filings and having a lime-requirement 
by the Hopkins method showed a red color, while the 
neutral and alkaline samples remained colorless. The 
iron filings were added to the dry soil immediately before 
adding the KCNS. It is suggested that this test may be 
made applicable to iron-deficient soils by means of this 
slight modification. 


SUMMARY 


1. The Hopkins, Veitch and Jones quantitative meth- 
ods, and the Comber and Truog field tests were studied 
on 57 soils representing a wide range of Illinois soil 
types and degrees of acidity. 

2. The three quantitative methods failed to show any 
consistent agreement with each other from a quantita- 
tive point of view, 
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3. The Veitch and Jones methods gave consistently 
higher results than the Hopkins, particularly on those 
soil types which ordinarily contain fairly large propor- 
tions of colloidal material, including organic and inor- 
ganic. 

4. The comparatively low results obtained by the Hop- 
kins method are due probably to the failure of this 
method to measure fully the absorption capacity of soils 
for bases. 

5. The Comber and Truog field tests agreed fairly 
closely with each other in the comparative intensity of 
their respective colors with the various soils, but these 
graduations of color intensity are considered of but little 
significance as quantitative indications of the lime needs 
of soils. 

6. Both the Comber and Truog tests are reliable as 
qualitative tests. 

7. In the Comber test-the alcoholic KCNS solution 
must be brought in contact with the soil mass. Neither 
water nor alcohol extracted ferric iron from the acid 
soils used in these tests. 

8. By the addition of iron filings to the soil previous 
to applying the Comber test, it may be used for soils very 
high in organic matter, such as peats and peaty. loams. 
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PENETRATION TESTS IN WOOD- 
PRESERVATION 


Gzorce T. Parker anp H. A. Geauque, LomBarp 


Wood-preservation has been carried on since the be- 
ginnings of history but only since 1657 have scientific 
methods been used. From 1657 to the present time the 
growing scarcity of timber and the difficulty of replacing 
decayed timbers have made it necessary to try in differ- 
ent ways to lengthen its life with preservatives. The 
first requisite for a preservative is that it be able to pre- 
serve the timber from the common fungi. The next is 
that it be in a form and of a price that renders it economi- 
cal in application. It must be also of a nature so that 
plant solutions can be handled easily and their strengths 
easily controlled. 

Cresote oil is the standard organic preservative and 
zine chloride the standard inorganic preservative. Ma- 
lenkowic seems to be the first man who used sodium 
fluoride. In 1887 he used it in connection with some or- 
ganie compounds; tars, creosotes, nitrophenols, etc., and 
got very good results. .In this country, tho, the chief 
use of sodium fluoride has been in mine timbers. Some 
of the mines in the anthracite region, Mr. L. W. Conrad 
states*, used it for two reasons: Zinc chloride was very 
hard to get at reasonable prices due to war conditions, 
and it was thought that creosoted material increased the 
fire hazard and rendered a fire harder to handle after it 
was started. He also states that the minds were getting 
about three years life from untreated mine timbers and 
mine props while those that were treated with sodium 
fluoride have given already five years life and are still in 
good condition. The American Wood-Preservers’ Asso- 
ciation in January, 1922, prescribed as future work** 
for their committee on preservatives the development of 
a volumetric and a gravimetric determination of sodium 
fluoride, the direct determination of sodium fluoride in 
treated wood, and if possible to develop a visual method 
for determining sodium fluoride in treated wood. 


* American Wood-Preservers’ Association Proceedings, 1921, page 183. 
** American Wood-Preservers’ Association Proceedings, 1922, page 54. 
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The Baltimore and Ohio Railroad gives the results ob- 
tained from three hundred red oak ties treated with 
sodium fluoride and placed in track at Herrin Run*** in 
1914. To date, two of these ties, or 0.6 per cent of the 
total number placed in track, have been removed because 
of decay, and five, or 1.7 per cent, because of other 
reasons. This makes a total of seven ties of the three 
hundred placed in 1914 that have been removed. These 
ties received 0.41 pounds of sodium fluoride per cubic 
foot. 

In 1921 more than three-fourths of the timber pre- 
serving plants in the United States were in the hands 
of either commercial or private companies, while the 
rest were in the hands of the railroads. As the railroads 
use a large part of the treated wood of the country much 
of the treating is done by contract. Because of this it is 
necessary to have a penetration test for the preservative 
in order to prove the depth of the treatment: 

At the present time nearly all of timber preserved is 
treated with either cresote or zine chloride or a mixture 
of the two. Sodium fluoride is coming into more general 
favor because it seems to have as good preserving quali- 
ties and is much less corrosive than zine chloride which 
gives a large overhead in plant equipment. 

The progress of sodium fluoride treatment has been re- 
tarded by the lack of a satisfactory penetration test and 
a simple, accurate and rapid method of analysis. A test 
for sodium fluoride penetration was presented to the 
American Wood-Preservers’ Association at their meet- 
ing in January, 1923, but this test has not proved to be en- 
tirely satisfactory as it calls for absolute alcohol, which 
is not a general laboratory reagent in a commercial 
laboratory. The solutions used are: 

1. Three per cent solution of ferric chloride in abso- 
lute alcohol. 

2. Three per cent solution of ammonium thiocyanate 
in absolute alcohol. 

The surface of the wood to be tested is sprayed evenly 
with the solution of ferric chloride, and dried and then 


ag erat and Ohio Railroad, Report of Experimental Ties, 1922, 
page A2. 
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sprayed with the solution of ammonium thiocyanate and 
dried. It is a negative test producing a red stain on the 
untreated portion and not affecting the color of the 
treated portion. The red stain is ferric sulphocyanate, 
which is attacked by the phosphates in the wood and de- 
composed, leaving the natural wood color. 

It was found that ferrous salts in an acid solution used 
in conjunction with ammonium thiocyanate solution pro- 
duced a good test, but it was not permanent. It faded in 
afew hours. The method used was the same as that used 
above except that the solutions were made with water. 
The wood was sprayed first with a solution of ferrous 
ammonium sulphate and then dried. It was then sprayed 
with a solution of ammonium thiocyanate. The resulting 
color was red on the untreated parts and natural color 
on the treated parts. 

As the water solutions of ferric salts are turned black 
by tannic acid, it is impossible to use them on any wood 
containing an appreciable amount of tannic acid. The 
method used on woods that did not contain tannic acid 
was the same as the above except that ferric chloride was 
substituted for ferrous ammonium sulphate. This test 


' gave a good red stain on the untreated parts and did not 


affect the color of the wood that was treated. It lacked 
permanence as did the others. 

The test that was found to be the most satisfactory in 
the laboratory was the one using the water solutions of 
potassium ferricyanide and iron ammonium chloride. 
First, the surface of the wood to be tested is sprayed 
with a five per cent solution of potassium ferricyanide 
and dried. Then it is sprayed with a five per cent solu- 
tion of iron ammonium chloride, and as soon as the line 
dividing the treated and the untreated portions appears 
the surface of the wood is washed thoroughly with tap 
water. The test should be performed in ordinary day- 
light, not direct sunlight. The untreated part of the 
wood is colored a deep blue and the color of the treated 
portion is not changed. It generally takes about three 
or four seconds for the line to appear, and the test works 
equally well on pine, oak, or fir woods with widely di- 
vergent qualities. 
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The reasons that the test is needed are to check up 
on the treatment and to know that the preservative is 
penetrating the wood. In the railroad plants and the 
private plants it is used to show that they are forcing 
the preservative into the wood, while in the commercial 
plants it is called for in their contract and treating speci- 
fications. It helps to determine what life to expect from 
a stick of timber. If the preservative has gone to the 
center of the wood it can be expected to give a longer life 
than if the preservative had merely coated the wood. If 
the preservative has merely coated the wood, many bac- 
teria will soon get into the wood where it is scarred in 
handling and destroy it from the center. 

The color contrast in this test is greater than in any 
of the other tests. Wood ranges from white in pine, to 
red in cedar and a dark brown in walnut. Red will not 
show up as well with any of these colors as will a dark 
blue. 

In conclusion, the advantages of the above test arc: 

1. It is the only permanent test as yet advanced. 

2. It shows a much better color contrast than any 
other test. 

3. The dividing line is permanent and sharp. 

4. It is much easier to make than the other test he- 
cause of the ease in making up solutions. 

5. Solutions are much more stable. 

6. Materials are much cheaper. 
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A CARBON FILM HIGH RESISTANCE; ITS CON- 
STRUCTION AND CHARACTERISTICS. 


A. J. McMaster, University or 


The problem of obtaining at low cost a satisfactory 
high electrical resistance, that is from 0.1 to 100 meg- 
ohms, for use in experimental work is one with which 
many laboratories of physics have been confronted. The 
most common means of meeting this problem has been 
to use a graphite line on ground glass or hard rubber 
with some sort of pressure contacts as terminals. How- 
ever in Dec. 1902, Prof. A. C. Longden described in a 
paper in the Physical Review* a new form of carbon re- 
sistance in which he used as a resistance material a 
film of smoke deposited from a flame upon a strip of 
glass. The terminals which he devised, and which are 
very satisfactory, consist of a film of silver deposited 
chemically on each end of the strip. The capillary at- 
traction between the glass and the silvering solution 
causes the end of the film to be almost infinitely thin. 
The carbon film, when deposited over the central por- 
tion of the glass and onto the silvered ends, forms a 
very smooth and satisfactory contact. A small copper 
wire is copper plated to each of the silvered tips to com- 
plete the terminals. By treating the carbon film with al- 
cohol vapor, it is sufficiently hardened to permit a thin 
layer of paraffin or shellac to be flowed over it. A num- 
ber of such slides may be mounted in a dry wood or 
hard rubber case which is provided with binding posts. 

It is this same type of carbon film resistance, but in a 
new and perhaps a little more convenient form and 
mounting, that has been the subject of the present in- 
vestigation. The construction of the resistance is shown 
in detail in Fig. 1. Instead of a glass slide, a small soft 
glass tube, sealed at each end, is used, in which there is 
a slight constriction near each end. The silver copper 
terminals are constructed as prescribed by Longden. The 
silver is deposited chemically by Brashear’s process for 
silvering glass, and the copper is deposited electrolytic- 


* Phys. Rev. Vol. XV.—No. 6. 
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ally from a bath of forty parts of saturated copper sul- 
fate solution, one part of concentrated sulfuric acid, 
ten parts of distilled water and a few drops of a thin so- 
lution of gelatine in water. After the copper plate is de- 
posited the copper wire is cut off close to the tube, and 
a new piece attached at the constriction with a small drop 
of solder. After thoroughly cleaning the central por- 
tion of the tube, the carbon soot is deposited from the 
flame of burning camphor. The resistance after under- 
going the treatment prescribed below is mounted inside 
of a larger protective tube. A small wooden terminal 
block is clamped to each end of this larger tube, and the 
terminal wires soldered to a binding post on each block. 

The results of Longden’s investigation of carbon film 
resistances showed, and the data obtained in the present 
work confirms the fact that the resistance of such a car- 
bon film increases with age, very rapidly at first and later 
more slowly. Fig. 2 shows a curve in which the resist- 
ance of such a film is plotted on the ordinate against its 
age on the abscissa. The irregularity of the points plot- 
ted is due to the difference in temperature conditions un- 
der which the measurements were made. If this curve’ 
were continued over a period of several hundred days, it’ 
would become almost but not quite parallel to the time 
axis, indicating that the resistance had become almost 
constant. It has been the prrpose of the present in- 
vestigation to try by processes of artificial aging (arti- 
ficial aging referring to any process which produces a 
definite change of resistance) to hasten the natural 
changes in resistance, in order that a film might be made 
to assume a practically constant magnitude in a short 
interval of time. To do this it has been necessary to 
study the effects of different aging processes. The re- 
sults obtained in this study are listed below. Since these 
results have been obtained from work on not a very 
great number of films, they can not be stated as positive 
scientific facts, but they do suggest the probable effects 
of the different treatments applied. Furthermore, the 
results can be interpreted on a qualitative basis only, 
since there are a number of indeterminable factors in- 
volved in the procedure, such as the exact amount of 
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treatment, the exact thickness of the film and the exact 
condition of the contacts, ete. 

The following characteristics of carbon films as high 
resistances have been noted: 

I. Changes in resistance produced by processes of 
artificial aging are followed usually by a recovery in 
which the resistance tends, partially at least, to reas- 
sume its former magnitude. This phenomenon is illus- 
trated by the curve in Fig. 3. Here a film has been sub- 
mitted to alcohol vapor and heat treatments. 

II. Bathing a carbon film in alcohol vapor produces 
a decrease in resistance except in the following cases: 

(a.) When one or both of the contacts between the 
carbon and silver are poor, the carbon is washed away 
from the silver producing an increase in resistance. 

(b.) If the alcohol vapor is forced on to the film in 
such a manner as to disturb the mechanical arrange- 
ment of the particles of carbon, an increase in resistance 
will be noted. 

(c.) If the aleohol vapor is applied repeatedly, with- 
out intervals of natural recovery between the applica- 
tions, a limit is reached, after which no decrease can be 
produced. If the procegs is carried still farther, the re- 
sult is an increase similar to that produced by natural 
recovery, but more rapid. It has been impossible to ex- 
plain why this occurs, but trials in which the contacts 
were covered completely with paraffin have proved that 
these seemingly erratic variations are not due to defects 
in construction, and may be repeated quite regularly. 
This effect is shown also in Fig. 3. 

III. Heating a film at a temperature from 80° to 
110°C. produces a decrease in resistance due probably to 
the mechanical change in the arrangement of the parti- 
cles of carbon when the glass and carbon expand and con- 
tract. (See Fig. 3.) Heating to too high a temperature 
usually causes some cracking of the silver copper tips, 
which will result in an increase in resistance. 

IV. Bathing a film in liquid alcohol decreases the re- 
sistance except in those special cases described under 
the alcohol vapor treatment. As with alcohol vapor, an 
extended treatment in the liquid alcohol produces an in- 
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crease. It is evident from examination of a film so treat- 
ed that an extended liquid alcohol treatment washes off 
all loose particles of carbon and an increase in magni- 
tude necessarily follows. The ordinary decrease noted 
at first with either treatment is due to the packing and 
hardening effect of the alcohol on the film. However, in 
depositing a film from a camphor flame, it is very prob- 
able that the particles of carbon in leaving the flame carry 
with them camphor vapor which is incompletely burned, 
and which becomes occluded in the film. It is possible 
that the natural change in resistance of an untreated 
film is due to physical or chemical changes in this occlud- 
ed material. This camphor is washed to the surface of 
the film by the alcohol vapor treatment, and is in a large 
part removed completely by the liquid alcohol bath. For 
this reason, the liquid bath is preferable to the vapor 
treatment. 

With this knowledge of the effects of artificial aging 
on the resistance of thin carbon films, it is possible to 
prescribe the following treatment in the preparation of 
such films for use: 

It is desirable to cleanse the film as far as possible © 
from all foreign matter and loose particles of carbon, © 
thus bringing the resistance of the film as nearly as pos- 
sible to its permanent magnitude. This is done most ef- 
ficiently and quickly by immersing the film in liquid alco- 
hol for ten to twenty minutes, and then drying for a half 
hour at 60° to 70°C. in an oven. The change in resistance 
of a film prepared in this way is shown in Fig. 4. 

Fig. 5 shows by comparison the difference between an 
untreated film under the influence of natural aging alone, 
and a film which has received the above prescribed treat- 
ment. Here the per cent of change in resistance per hour 
is plotted against the age of the film. It will be seen 
that the change in magnitude of the treated film becomes 
much less at an early age than that of one which has 
received no treatment. The finished film should be 
mounted as described above, for protection and conven- 
ience in use. For best results the films should not be 
covered with paraffin or shellac since these materials 
cause undesirable changes in resistance with changes of 
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temperature. The carbon film itself has a rather high 
negative temperature coefficient of resistance, which is, 
however, easily measured if necessary. 

The results of this investigation can be confirmed only 
after a long interval of time, for time is the important 
test of the constancy of a resistance material. The 
points in the above report which have not been com- 
pletely explained are to be investigated more thoroughly 
at a later date. 

The writer wishes to express his appreciation of the 
help and criticism of Dr. E. H. Williams under whose 
direction this work has been carried on. 
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SOME ASPECTS OF PHOSPHORUS BEHAVIOR 
IN SOILS 


M. I. Wotkorr, University or 


Phosphorus is one of the ten elements necessary for 
the growth and development of plant tissue. Phosphorus, 
also, is one of the three or four of these ten elements that 
may be lacking in soil for the optimum plant growth. 
In fact, it is one of the first ones that is usually deficient 
in the soils of humid regions. The question of phos- 
phorus and its replenishment in the soil, therefore, be- 
comes one of paramount importance in agricultural prac- 
tice. 

There are two main sources of phosphorus that are 
used by farmers in replenishing the soil, in order to com- 
pensate for the loss of phosphorus removed by farm 
crops: (1) farm manures, and (2) commercial phosphatic 
fertilizers. The phosphatic fertilizers, in their turn, 
could be subdivided into two main groups, namely: (1) 
rock phosphate, and (2) acid phosphate. Rock phos- 
phates are the natural phosphatic deposits quarried and 
ground into a very fine powder, 80 to 95 per cent of 
which usually passing through a 100-mesh sieve. Acid 
phosphate is the product obtained after natural phos- 
phate is treated with a weak solution of sulfuric acid. 
Natural phosphate is but very slightly soluble in water, 
while acid phosphate, freshly prepared, is easily soluble 
in water. The subdivision, therefore, could be made on 
the basis of soluble and insoluble phosphatic fertilizers. 
Other minor sources of phosphorus for use as fertilizers 
would fall into either of these two main groups. 


According to the American Fertilizer Handbook for 
1920, there were produced and sold in the United States 
in 1918, in round figures, 2,500,000 metrie tons of rock 
phosphate, estimated as being worth over $8,000,000. At 
the same time 4,500,000 tons of acid phosphate were 
manufactured, being worth over $76,000,000. Nearly all 
of this vast amount of phosphatic fertilizers was sold on 
a domestic market and used by American farmers as 
fertilizer. 
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It is interesting to note that according to these esti- 
mates, rock phosphate is worth $3.20 a ton, while acid 
phosphate is priced at $16.89 a ton. In spite of this 
difference in price, acid phosphate ordinarily contains 
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Fig.1. Percent phosphorus recovery from Tennessee rock phosphate 
and double acid phosphate after different soils were treated with 
these substances in proportion of 4 mgs. of phosphorus per 25 gms. of 
soil; normal fifth nitric acid was used for extraction. 


only one-half of the amount of phosphorus found in rock 
phosphate from which it is being prepared. 

It is a mooted question among soil workers as to which 
of the two phosphatic fertilizers is better and the more 
economical to apply to the soil for crop production and 
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Fig. 2. Percent phosphorus recovery from phosphatic fertilizer treated 
ae eg silt loam. 4 mgs. of phosphorus were used for 25 gms. of soil. 
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the maintenance of soil fertility. Notwithstanding the 
great amount of work that has been done in various parts 
of the world, the question is far from being solved. The 
results are often conflicting and not strictly comparable. 


Double acid phosphate 


Tennessee rock phosphate or double acid 


Rock phosphate 


Normal fifth nitric acid was used for extraction. 
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It was thought advisable, therefore, to compare these 
two forms of phosphatic fertilizers in their behavior after 
they are applied in various types of soil, and also to study 
some of the factors that influence their behavior. 
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It would be of fundamental importance to know: What 
becomes of phosphorus when phosphatic fertilizer is ap- 
plied to the soil? What reactions take place? To what 
extent is phosphorus ‘‘available’’ when ‘‘water soluble’’ 
acid phosphate is incorporated with the moist soil mass? 

As generally known, one of the strongest claims of 
acid phosphate advocates is that acid phosphate is water 
soluble and that when it is applied to the soil, it becomes 
available immediately for the use of plants, while phos- 
phorus in the rock phosphate is so insoluble that its avail- 
ability is too low for the immediate use of growing crops, 
The validity of this contention is often doubted, for it 
was observed that phosphorus of water soluble acid phos- 
phate could not be extracted from the soil to which it was 
previously added. It is often argued, that although this 
phosphorus can not be extracted with water, it is ab- 
sorbed or even adsorbed by the soil particles, and loosely 
held thereby. This phosphorus, however, is in such state 
that plant roots are able to extract it far more easily 
than the phosphorus of the insoluble rock phosphate. 
The data presented in this paper will tend to show that 
this general contention is also of questionable validity: 
that phosphorus of acid phosphate or even of double acid 
phosphate (super phosphate), after this material is ap- 
plied to some agricultural soils, becomes very insolnble ; 
and its solubility is not to any extent greater than the 
solubility of phosphorus from natural rock phosphate 
added to the same soil and under the same conditions. 


EXPERIMENTAL 
The present investigation was carried out on many soil 


“types, the soils in the majority of cases being obtained 


from Champaign county, Illinois. The phosphatic fer- 
tilizers used were three different rock phosphates; five 
slags; ground apatite; iron and aluminium phosphates; 
steamed bone meal and acid and double acid phosphates. 
The composition of these phosphatic fertilizers is pre- 
sented in Table 1. 

The comparative work on different soils was carried 
out with Tennessee rock phosphate, as a representative 
of insoluble rock phosphate, and with double acid phos- 
phate, as easily soluble phosphatic fertilizer. 
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The general procedure of the experiment was as fol- 
lows: 25 grams of mineral soil or 12.5 grams of organic 
soil (peat) were placed in a 350 ¢. ¢. glass bottle, thor- 
oughly mixed with a given amount of fertilizing mater- 
ial, moistened with distilled water, and let stand for seven 
days at room temperature. At the end of this period, it 
was taken with 250 ¢. c. of fifth normal nitrie acid and 
shaken for three hours in a shaking machine. Then it 
was filtered on a dry filter paper. 200 ¢. ¢. aliquot of 
clear solution was taken for determination of phos- 
phorus. Volumetric method of analysis was followed in 
this work. The average of two determinations is given 
in the tables. 

It is recommended often in the studies of weak acid ex- 
tractions to make the acids somewhat stronger than 
fifth normal so that after the soil bases are neutralized, 
the remaining acidity will be equal to fifth normal. Such 
an arrangement, of course, would give the phosphatic 
compotnds in different soils the same chance for equal 
solubility. This procedure, however, introduces a very 
objectionable feature for the comparative study of diff- 
_erent soils. The solvent.necessarily would be different 
for nearly every soil, and the results could hardly be com- 
parable. It seems as though we should accept soils as 
such; accept the conditions under which any given soil 
has to function, and make our observations, preserving 
these conditions intact. 

If we take two field soils and subject them to the same 
cultural and climatic conditions, we may safely expect 
the resultant soil solutions to be practically the same. 
Yet the ultimate character of these two soil solutions may 
be widely different depending on the physical and chemi- 
cal character of these respective soils. 

There are given two soils; one is abundantly supplied 
with carbonates, while the other is very deficient in them. 
The solvent action of acids formed in the soils will go 
very largely to neutralize the carbonates in the first soil, 
and will be available as a free acid in the second soil. 
Naturally there will be more phosphorus available for 
crops in the second soil than in the first. The field ob- 
servations at various experiment stations show that soils 
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excessively supplied with lime do not respond very well 
to the application of phosphates. This well known fact 
among soil workers seems to justify the procedure here 
adopted. 

In time, the biological activities of these soils will also 
add to the modification of their soil solution, but this 
phase does not enter into the realm of the present study. 

The comparative work was done on soils of different 
geological and morphological formations. Prairie soils 
were represented by three soils of brown silt loam, two 
of clay loam, and one each of drab clay loam, brown gray 
silt loam of tight clay, and brown sandy loam. Timber 
soils were represented by one sample each of the yellow 
gray silt loam on gravel, yellow silt loam (eroded) and 
vellow gray sandy loam. Terrace soils were represented 
by brown sandy loam. Mixed loam was used as a bottom 
land type formed along rivers; deep peat was a repre- 
sentative of swamp lands. 

In each soil type the soils of three different’ depths 
were used for the comparative tests with the phosphatic 
fertilizers: (1) the plowed layer of 6 2/3 inches in depth, , 
(2) the second layer from 6 2/3 inches to 20 inches, and 
(3) the layer from 20 to 40 inches. The second and the 
third layers, of course, differ from the first one in their 
physical and chemical properties, and the descriptive 
name of soils for each layer is given here in order to 
facilitate interpretation of the presented data. All soils 
in this experiment were ordinary stock samples collected 
in Champaign county for the soil survey analyses. 

* These fourteen soils of three layers each, or forty-two 
soil samples in all, were treated with either Tennessee 
rock phosphate or double acid phosphate in such amounts 
that in each case 4 mgs. of phosphorus were applied for 
25 grams of mineral soil and for 12.5 gms. of peat of the 
first two layers. The results presented in Table 2 show 
the percent of applied phosphorus that was extracted 
with nitric acid fifth normal. In each case the amount 
of phosphorus extracted from the untreated soil was sub- 
tracted from the amount of phosphorus extracted from 
the treated soil. It constitutes a net gain due to the 
treatment, and it assumes that the amount of soil phos- 
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phorus extracted from the treated soil is the same under 
these conditions as the amount of phosphorus extracted 
from the untreated soil. 

Examination of the results in Table 2 and of the ace. 
companying Fig. 1 reveals the rather striking fact that 
the degree of recovery of phosphorus from nearly every 
soil studied is practically the same, regardless of the 
source of the phosphatic material. Water soluble double 
acid phosphate, after it is incorporated into the soil mass 
and moistened, becomes soluble in fifth normal nitric 
acid, only to the same extent as the Tennessee rock phos- 
phate. There are some relatively small differences in 
solubility in some individual cases. On the whole, how- 
ever, these differences are very important, as one can 
judge from the application of Student’s Method of bio- 
metric analysis. Using 42 soil trials in which the mean 
deviation is only -.37, and the standard deviation 3.256, 
the ratio of the former to the latter, or Z, is only .113. 
This value is too small to be significant. The smallest 
value of Z used in Student’s tables is .1 and such value 
gives chances from 10 to 12 times as small as those con- 
sidered at all significant in calculations of probability. 

Different soil types allow the recovery of different 
amounts of phosphorus. In this respect, the variations 
are very great. Thus, the soil of the third layer of one 
brown silt loam (Sample 3, Table 2) did not allow any 
recovery ; while the surface layer of peat showed a com- 
plete recovery. Indeed, the amount of phosphorus re- 
covered from peat of the second layer was greater than 
the amount applied. The differences are from 11 to 13 
per cent, and seem to be larger than could be ascribed 
to the experimental error. In the majority of cases 
the recovery of phosphorus varied between 40 and 60 per 
cent. On the whole, the recovery was somewhat greater 
in the surface layer than in the subsurface. The third 
layer, or the subsoil, gave the smallest recovery of phos- 
phorus in all cases. 

In order to ascertain whether or not other phosphatic 
fertilizers would follow the same general mode of be- 
havior observed on the Tennessee rock phosphate and 
double acid phosphate, an experiment was repeated on 
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another brown silt loam, using various phosphatic ferti- 
lizers. As one notices from Table 1, these phosphorus- 
carrying substances varied in their phosphorus content 
very considerably. The amount of each substance used, 
however, was in every case equivalent to 4 mgs. of phos- 
phorus, as caleulated from their analyses. 25 gms. of 
soil were used in every case. Amounts of phosphorus 
extracted with fifth normal nitric acid, as well as per- 
cent of phosphorus recovery, are given in Table 3, and 
are shown graphically in Figure 2. The results show 
that, with the exception of iron phosphate and two or 
three brands of slag, the per cent of recovery is prac- 
tically the same. Acid phosphate gave no larger recov- 
ery than the majority of the so-called insoluble phos- 
phatiec fertilizers. These figures are rather interesting, 
especially if one considers them in parallel to the data 
presented in Table 4, which has the amount and the per- 
cent of phosphorus recovery from the same amount of 
fertilizing material alone (without the soil), when the 
extraction was made either with distilled water or with 
normal fifth nitric acid. 

The data in Table 4 show that phosphorus in acid 
phosphate is recovered with distilled water to the extent . 
of 85 per cent, and from double acid phosphate to the 
extent of 90 per cent. None of the other phosphates had 
solubility in water amounting to six per cent; some of 
them, as apatite and one of the slags, were extremely 
insoluble in water. 

When the same materials were extracted with fifth 
normal nitric acid under the same conditions, i. e., without 
mixing them with the soil, the per cent of recovery was 
around 100 percent in nearly every case. See Table 4. 

It is evident that there is something in the soil that 
prevented this phosphorus recovery. Undoubtedly some 
of the acid, after it is added to the soil, reacts with some 
of the soil bases, forming nitrates. This would be true 
especially of carbonates of calcium and magnesium. 
Such a reaction taking place would decrease the concen- 
tration of the acid, causing a decrease in the amount 
of phosphorus extracted. Anticipating such action in 
some soils that are more or less supplied with carbon- 
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ates, an aliquot of clear extracted solution was taken and 
titrated against a standard alkali (.1484 normal), using 
Methyl-red-Para-nitro-phenol for the indicator. The fig- 
ures for relative titrations are given in Tables 2, 3, and 
4 (last column). They show that fertilizing materials 
alone do not reduce the concentration of nitric acid to 
any appreciable extent. (Table 4.) The fertilizing ma- 
terials after they are applied to brown silt loam, as re- 
corded in Table 3, reduce the acid concentration rather 
uniformly to about 90 percent of its original strength. 
This in no way accounts for the reduction of phosphorus 
recovery to about 50 or 60 percent of its recovery from 
fertilizing materials themselves. The titrations recorded 
in Table 2 explain the failure of phosphorus recovery in 
only a very limited number of cases. The soil number 
**3”, or the subsoil layer of brown silt loam, contained 
a large amount of carbonates, which used practically all 
of the acid present, thus making the phosphorus extrac- 
tion impossible. Perhaps sampies Nos. 21 and 24 also be- 
haved in a similar way. With these three exceptions, 
however, the reduction in the acid concentration fails 
entirely to explain the behavior of phosphorus in all these 
soils. The lack of such correlation is very apparent, if 
one compares the surface soil with its subsurface and 
the subsoil layers in regard to the phosphorus extraction 
and the concentration of nitric acid at the end of the ex- 
traction. 

Peat, or samples Nos. 40, 41, and 42, afford an inter- 
esting observation. The carbonates of the surface layer 
reduce the acid concentration to about one-sixth of its 
original strength. In spite of that, the phosphorus re- 
covery was practically complete. In the subsoil layer, 
number 42, the acid concentration was over four times 
as great as in the surface layer, yet the phosphorus re-. 
covery was reduced to 70 percent. Again, with the acid 
in the subsurface layer, number 41, slightly weaker than 
that in the subsoil layer, the recovery was complete. 
There was even some stimulating effect noticed on the 
soil phosphorus. 

Very little or no correlation could be traced if one com- 
pares, in this respect, the surface, subsurface or the sub- 
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soil layers by themselves. Noticing the fact that the sub- 
soil layer of the peat soil contained a considerable 
amount of clay particles or mineral matter, it suggests 
for itself that the mineral portion of the soil forces phos- 
phorus to react in the way here observed. It would seem 
probable that some double salts of phosphorus with iron 
or aluminum or with both are formed that are less soluble 
than the calcium, iron and aluminum phosphates. The 
presence of silica in the form of silicic acid perhaps has 
considerable influence on the formation of these complex 
combinations. However, the presence of bases common- 
ly found in the soil is evidently essential for their for- 
mation. The silica of the quartz sand, which was rather 
coarse in texture, prevented some phosphorus from re- 
covery, as one notices from Figure 4, in which data of 
another experiment are shown where different amounts 
of phosphorus were added to 25 gms. of quartz sand and 
later extracted with fifth normal nitric acid. The influ- 
ence of silica (with or without certain bases) on the be- 
havior of phosphorus is under further investigation. 

In conclusion, I wish to emphasize the fact that the 
phosphorus, which fifth normal nitric acid fails to ex- ’ 
tract from a given soil, exists in the soil in such a com- . 
plex combination that even subsequent extractions with 
fresh nitric acid of the same strength fail to bring the 
phosphorus in solution. Two soils, brown silt loam and 
brown gray silt loam, were treated with either Tennessee 
rock phosphate or double acid phosphate. The extrac- 
tions with nitric acid were filtered and washed four times 
with warm distilled water. The residue was treated with 
fresh nitric acid, and the procedure was repeated five 
times. The results are presented in Table 5 and show 
that but a relatively small amount of phosphorus was 
extracted from those soils after the first extraction, and 
the amount was decreasing with every subsequent extrac- 
tion. 

The time at my disposal here precludes the possibility 
of discussing the various factors that influence the be- 
havior of phosphorus in soil. This will be published else- 
where later in a report. The presented paper, being its 
integral part, will be reproduced in its essential features. 
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CONCLUSIONS 


The foregoing data, it seams, justifies the following 
conclusions : 

1. When phosphorus in the form of phosphatic ferti- 
lizers is applied to ordinary mineral soils, it becomes con- 
siderably less soluble in fifth normal nitrie acid than 
phosphorus of the same material before application. 

2. Peat soil, as an exception, does nof depress the re- 
covery of phosphorus under the same conditions. 

3. After phosphatic fertilizers are applied to the soil, 
the recovery of phosphorus from soil treated with double 
acid phosphate is not any greater than the recovery of 
phosphorus from the same soil treated with natural rock 
phosphate, using fifth normal nitrie acid for the solvent 
in each case. 

4. After the first extraction with fifth normal HNO,, 
the subsequent extractions with fresh acid fail to extract 
a considerable amount of additional phosphorus. Five 
counsecutive extractions fail to recover the entire amount 
of phosphorus applied either in the form of rock phos- 
phate or double acid phosphate. 


TABLE 1. 
Phosphorus content of phosphatic fertilizers used. 


Amount of 
Percent material contain- 
Phosphorus ing 4 mgs. of Phos. 


Tennessee Rock Phosphate.......... 13.8 .0290 gms. 
Double Acid Phosphate............. 19.94 0201 “ 
Aluminum Phosphate .............. 17.09 .0234 “ 


Steamed Bone Meal ............... 14.81 .0270 “ 
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TABLE 2. 


Percent phosphorus recovery from Tennessee rock phosphate and 
double acid phosphate after different soils were treated with these 
substances in proportion of 4 mgs. of phosphorus per 25 gms. of soil; 
fifth normal nitric acid was used for extraction. 

Percent 


Phosphorus 
Recovery 


d solution. 


Description of soils. 


Numbers. 
Acid Phos- 
phate. 

+ or — 
Squared. 


Alkali required 
tracte 


Soil Survey 
Deviation 
Deviation 


% From Rock 
Phosphate. 
From Double 


Brown silt loam 
Brown silt loam passing 
yellow clayey 


Brown silt loam with 
some yellow 

Yellow clayey silt with 
some brown 

Brown silt loam 

Brown silt with 
some yellow 

Yellow clayey silt, more 
silty with depth 

Black clay loam to dark 
brown 

Drab to black clay loam 

Yellow to brownish yel- 
low and drab clay... 

Black clay loam with 
some sand 

Black clay loam, 
gravel and san 

Drab to olive colored 
clayey silt 

Drab clay loam, dark.. 

Drab clay loam, lighter 
at 12” 

Drab silty clay, pebbles 
and lime 

Brown gray silt loam 
on tight clay 

Gray silt loam 

og to grayish clayey 
silt 

Brown sandy loam. 

Brown 
some sand 

Yellow sand, some silt. 


. . . . . . . 


TIMBER 


Yellow gray silt loam 
on avel 7816 


7817 
Yellow clayey silt, some 
gravel 7818 
Yellow silt loam, brown- 
ish, gravelly 7858 
Yellow _ silt 
yellow sahdy loam.. 7859 
Yellow silt to gravelly 2906 


7855 


7856 
Yellow Pisin f little silt.. 7857 


oa 


$20 
PRAIRIE 
7729 8648.3 —2.8 7.84 11.4 
3 rw clayey silt with 7780 36.8 —1.5 2.25 11.4 
Brown silt loam....... 1741 61.5 39.70 10.6 
1743 44.2 —0.7 
: 7765 49.2 +1.0 1.00 11.3 
: 9 7766 33.5 +4.2 17.64 11.2 
7767 41.5 +1.0 1.00 11.0 
7840 65.8 +0.5  .25 12.4 
7841 64.5 2.25 12.6 
7842 53.8 —0.8 .64 11.9 
7825 55.7 +2.3 6.29 12.2 
- 7826 50.0 —0.5 12.1 
7827 43.6 +1.8 3.24 11.8 
7843 59:0 $1.0 1.00 10.0 
7844 65.0 —8.3 68.90 10.2 
: oe 7845 27.2 —9.2 84.64 10.5 
3 7801 68.7 —7.2 51.84 9.3 
7803 37.0 +0.5 250 (4.7 
7849 67.2 —0.9 wi. ..9.8 
7850 53.5 3:3 10.89 10.1 
24 7851 42.5 43.3 10.89 4.2 
25 
| 20-25 12.9 
«43.0 +3.0 9.00 11.9 
ai 50.5 45.8 +4.7 22.09 11.8 
10.5 68.5 +2.0 4.00 10.6 
me 63.8 66.8 —3.0 9.00 11.4 
62.3 62.0 +0.3 .09 «11.7 
31 Yellow gray sandy 
: loam, some brown... ii 73.0 73.5 —0.5 -25 12.0 
32 Yellow sandy loam, 
68.7 73.2 —4.5 20.25 12.1 
33 68.0 69.5 —1.5 2.25 12.1 
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TABLE 2—Concluded. 
percent 
Phosphorus 
very > 
Description of soils, | st 
& A Aa 
TERRACE sO 
34 Brown sandy loam - 7852 65.7 64.2 +1.5 2.25 12.0 
35 Brown sandy loam, var 
7853 46.5 44.0 +2.5 6.25 12.1 
36 Yellow sand, so 
clayey sand ......... 7854 34.8 34.0 +0.8 64 12.0 
RIVER AND BOTTOM SOILS. 
37 Brown mixed loam.. 7861 48.5 50.0 —1.5 2.25 9.90 
38 Brown mixed loam.. 7862 42.5 46.3 —3.8 14.44 10.5 
39 —— brown loam, 
7863 54.9 54.0 +0.9 -81 11.3 
a ecomposed 
7870 «102.0 101.0 +1.0 1.00 2.1 
41 Black 7871 110.8 113.0 —2.2 4.84 7.0 


43 Black to brown 
drab clay at on 7872 66.8 70.0 —3.2 10.24 8.8 


Algebraic sum ........ —15.6 451. 
Mean deviation...... ee —.37 
Standard deviation = /—— — we = / — .137 = 3.256 
N 


Z = ratio of mean deviation to standard deviation = 


= .113 


TABLE 3. 


Recovery of phosphorus from different phosphatic fertilizers ap- 
plied to Brown Silt Loam. In each case 4 mgs. of phosphorus was 
applied per 25 gms. of soil. 

Alkali re- 

quired per 

Mgs.Phos- Percent 10c.c.of 
phorus Phosphorus extracted 
extracted extracted solution 


Tennessee Rock Phosphate..... 2.35 58.8 11.6 
Florida Soft Rock. . 2.37 69.3 11.6 
Apatite ..... 2.40 60.0 11.6 
Iron Phosphate ............. 1.91 47.8 11.7 
Aluminum Phosphate . asguie weds 2.32 58.0 11.6 
Acid Phosphate ....... 2.29 67.3 11.6 
Steamed Bone-meal ........... 2.15 63.8 11.6 


* 10 c.c. of distilled water was used to wet the soil after fertilizer was 
added to it. In order to make the results comparable, 10 c.c. of water was 
added to 250 c.c. of acid before titration. 
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TABLE 4. 


Phosphorus extracted with distilled water and fifth normal nitric 
acid from different phosphatie fertilizers. 250 c.c. of either acid or 
water were used on fertilizer which contained per sample 4 mgs. of 
phosphorus. 

Water Soluble Fifth normal HNOs Soluble 


Percent Percent Alkali 

Phos- Phos- required 
Mgs. phorus phorus per 10 cc. 
Phos. ex- re- 4 re- extracted 
tracted covery covery solution 

-08 98.6 
3.60 1s - 


o 
SOM 
oow 


00-2 D9 CO COND MNO 
~ 
oe 
ow 


Florida Soft “Rock. 
Apatite 

Iron phosphate ... 
Aluminum phosphate 
Acid phosphate ........ 
Steamed bone meal 
Acid alone .... 


. 


wow 


TABLE 5. 


Recovery of phosphorus from 25 gms. of Brown Silt Loam and 
Brown Gray Silt Loam treated with 4 mgs. of phosphorus of either 
Tennessee Rock Phosphate or Double Acid Phosphate. Five consecu- 
tive extractions were made with fifth normal nitric acid. 


Brown Silt Loam ear Silt Loam 


with with Double with with 1 Double 
Rock Acid Rock cid 
Phosphate Phosphate 
First extraction in Mgs. P...... 


Percent of phosphorus 
in first extraction 
Percent of phosphorus 
in all five extractions 


4 Tennessee rock phosphate... 
Double acid phosphate...... 
Birmingham Slag .......... -09 1 
1 
.09 1 
1 
4 .22 1 
3.40 1 
Total 2.79 2.56 3.38 3.50 
recovery 
46.5 43.8 75.5 77.5 
i recovery 
69.8 64.0 84.5 87.5 
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NOTES ON THE QUANTUM THEORY AND 
RELATIVITY 


Jakos Kunz, University or 


It has been shown by A. Sommerfeld that the fine 
structure of the lines of the Balmer series of the hydro- 
gen and helium spectrum can be explained by a simultan- 
eous application of the quantum theory and of relativity 
to the elliptic orbits of the electron revolving around the 
nucleus. The mass of the electron varies in its stationary 
elliptic motion according to the expression given by re- 
lativity, but during the jump of the electron from one 
stationary orbit to another one the mass is supposed to 
be constant in spite of the fact that this motion is ac- 
companied by radiation, i. e., by emission of energy, and 
that the emission of energy is accompanied by a loss of 
mass of the radiating system, according to the equation 


which holds in relativity. as well as in classical electrody- 
namics if we assume an electromagnetic momentum in a 
beam of light. When the electron jumping from one 
orbit to another one loses energy A E= E, — E. = hy, 


hv 
then it should also lose mass A m=— ‘in a discontinu- 
C? 


ous process. These masses Am would be the smallest 
particles at present suggested by our theories. It is sur- 
prising that they do not make themselves felt in the 
theory of the fine structure of the helium and hydrogen 
lines, nor in the doublets of the Roentgen spectra, where 
they are of considerable magnitude. There is probably 
a compensation in the mass. 


A second remark is related to the previous one. The 
quantum theory and the theory of relativity seem to be 
at variance. The experimental basis of the quantum 
theory is much broader than that of the general theory of 
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relativity. It may be that between the quantum theory 
and the generalized phenomenological theory of the 
electromagnetic field there exists a relation similar to 
that between the kinetic theory of the gases and the 
phenomenological gas equation py=RT. What becomes 
of the four dimensional continuum of space and time if it 
has to be atomized or quantified? 
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THE ORIGIN OF THE CAHOKIA MOUNDS 
(ABSTRACT) 


Morgis M. Leicurton, GeoLoaicaL Survey, 
URBANA 


During the recent explorations which have been car- 
ried on by Doctor W. K. Moorehead of Andover, Massa- 
chusetts, under the auspices of the University of Illinois, 
four widely scattered mounds of the Cahokia group, 
northeast of St. Louis, ranging in height from 10 to 35 
feet, have been trenched and opportunity afforded for 
the study of their constitution, structure, and in one case, 
their relations to the underlying materials of the allu- 
vial filling of the Mississippi Valley. The Illinois Geo- 
logical Survey was invited to make a geological examina- 
tion, resulting in the accumulation of evidence decisively 
favoring the artificial mode of origin of at least those 
mounds which kave been opened and examined. This 
conclusion is re-enforced by the artificial form of the 
mounds, their orientation, their grouping, and their 


_ geologic setting. Monks Mound, the dominating unit of 


them all, has not as yet been trenched or tunneled, and 
hence a positive conclusion can not be drawn as to its 
origin; but the materials revealed by auger borings made 
by the writer on the summit and slopes of the mound and 
its artificiality of form are suggestive that at least a large 
part of it is due to the work of man. 

A full report of the geologic aspects of the Cahokia 
Mounds is now in press and will appear as Part II of a 
bulletin of the University of Illinois which treats of the 
explorations made up to and including the fall of 1922. 
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THE USE OF MOLLUSCAN SHELLS BY THE 
CAHOKIA MOUND BUILDERS* 


Frank Baker, Museum or Naturat History, 
University or 


The use of the Mollusca by aboriginal man has received 
scant attention from students of the Mollusea. Stearns,’ 
many years ago, published a very able paper on the use 
of molluscan shells as primitive money, but the wide use 
of shells for many purposes has been noted almost exclu- 
sively by ethnologists. Figures and descriptions of these 
are scattered through the reports and bulletins of the Bu- 
reau of American Ethnology and in papers and reports 
by archeologists. One of the best summaries of the use of 
molluscan shells may be found in Moorehead’s Stone Age 
in America, pages 117-133. 


The excavation and study of the Cahokia group of 
mounds near East St. Louis, Illinois, carried on by Pro- 
fessor W. K. Moorehead under the auspices of the Uni- 
versity of Illinois, has given unusual opportunity to study, 
the use of the Mollusca by the ancient Mound Builders, 
at least in this region. 


The mollusean shells may be divided into two groups: 
those of marine origin and those gathered from near-by 
streams and ponds—fresh water shells. The latter may 
be considered first. 


FRESH WATER MOLLUSCA 


An examination of the region about the Cahokia 
Mounds indicates that there were numerous bodies of 
water as well as creeks (and the Mississippi River) from 
which mollusks could be obtained. The collection contains 
specimens from both creek and river, as well as a few 
from ponds and swales. 


* Contribution from the Museum of Natural History, University of Illi- 
nois, No. 31. 


1. Ethno-Conchology: A Study of Primitive Money. By R. E. C. 
Stearns. An. Rep. Smithsonian Institute, 1887, Part II, page 297. 
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MUSSEL SHELLS PROBABLY OBTAINED MAINLY FROM THE 
MISSISSIPPI RIVER 


Elliptio dilatatus (Raf.) Spike or Lady-finger. Com- 
mon. A fine specimen of this shell, which had been made 
into a nose or ear ornament, was found at a depth of 20 
feet in the James Ramey Mound. The purple nacre of 
the interior was beautifully preserved. 

Proptera alata megaptera Raf. Pink Heel-splitter. 
An effigy representing a human head was found in the 
Sawmill Mound (a burial structure) made from a piece 
of this shell. A gorget or ornament of peculiar design 
made from this species was found in burial mounds 19, 
20, 21 (overlapping mounds). This species was not 
common. 

Megalonmas gigantea (Barnes) Washboard. A me- 
dium sized specimen from the James Ramey Mound had 
been made into a shell hoe. Very rare. Fragments be- 
lieved to be of this species were found mixed with deer 
bones. 

Amblema costata Raf. Three-ridge. Found in all 
mounds, common. One specimen from James Ramey 

»Mound made into a hoe. 

Amblema peruviana (Lam.) Blue-point. Rare. 

~Quadrula quadrula Raf. Maple-leaf. Common. 

Quadrula cylindrcia (Say.) Rabbit’s-foot. Rare. 

Cyclonaias tuberculata (Raf.) A specimen (broken) 
from mounds 19, 20, 21, had been used as a hoe. Rare. 

Truncilla ‘truncata Raf. Deer-toe. Rare. Found at 
depth of 21 feet in James Ramey Mound near the bottom 
of the structure. 

Lampsilis fallaciosa (Smith) Simpson. Slough Sand 
Shell. Rare. 

Lampsilis anondontoides (Lea). Yellow Sand Shell. 
Not common. 

Lampsilis siliquoidea (Barnes). Fat Mucket. Not com- 
mon. 

Lampsilis ovata (Say). Pocket-book Mussel. Rare. 
A specimen from the cemetery at Pittsburg Lake, south 
of the Cahokia group, had been used as an ornament, sev- 
eral holes being drilled in the side. 
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Lampsilis ventricosa (Barnes). Pocket-book Mussel. 
Specimens of this mussel were common in all mounds and 
fragments occurred in village site debris. Two specimens 
from Pittsburg Lake cemetery had been variously cut 
along the anterior margin. It is thought that these were 
used as scoops or spoons. 


Ligumia recta latissima (Raf.) Black Sand Shell. 
Rare. 


SNAIL SHELLS 


Anculosa praerosa (Say). River Snail. 

This snail was used largely for beads. The side was 
ground until a perforation was made into the cavity of 
the body whirl and the shells could then be strung on 
threads or cords through this hole and the natural open- 
ing at the aperture. Shells thus prepared were common 
in the James Ramey Mound at various depths and also 
in other mounds. 

Campeloma subsolidum (Anthony). Large River Snail. 

This shell, which in life has a beautiful green epider- 
mis, was also esteemed by the mound builders and used 
as beads in the same manner as Anculosa described above. 


These shells occurred in the mounds and in the villagé 
site material. 


Campeloma ponderosum (Say). Heavy River snail. 


Rare. Two specimens were found in the James Ramey 
Mound. 


Pleurocera acuta Raf. 

A few specimens of these slender river snails were 
found in the James Ramey Mound. Their practical use 
is not indicated by marks on the shells. 

Near the bottom (21 feet depth) of the James Ramey 
Mound, as well as in other mounds, a number of fresh 
water shells were found which evidently were not used 
by the aborigines for ornamentation or domestic use but 
were included when the mound was built. If the material 
from which the mounds were built was in part taken 
from the border or bottom of ponds which were dry in 
summer but contained water in the winter and spring, 
such mollusks as here indicated would be included. They 
occur abundantly in such locations in all parts of Illinois. 
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It is possible also that this depth (21 feet) marked the 
base of the mound and these shells may have lived in a 
swale on the original site of the mound. Three species 
were found, as follows: Physa gyrina Say, Planorbis tri- 
volvis Say, Lymnaea reflexa Say. One specimen of Plan- 
orbis trivolvis was found in the upper eight feet of the 
mound. This must have been contained in the material 
used in erecting the mound. 

Professor M. M. Leighton collected several shells from 
other mounds during his geological examination of this 
region. These are noted below. Planorbis trivolvis Say, 
Segmentina armigera (Say), Lymnaea palustris (Miill.) 
(fresh water shells): Helicodiscus parallelus (Say), land 
shell. From Sam Chiucallo’s Mound, on outskirts of East 
St. Louis, Ill. These probably were included in building 
material. 

Physa gyrina Say, Vivipara contectoides W.G.B., An- 
odonta grandis Say. 

Fresh water snails and paper shell clam from the 
Kunnemann Mound. These probably were included in 


building material. 


Nineteen species of fresh water shells are listed 


“above as occurring in the mounds and as being used by 


the Indians for some purpose. Seven additional species 
probably were included in building material. The first 
mentioned species doubtless were used largely as food, 
for the ancient aboriginee, like his more modern descend- 
ant, probably esteemed this bivalve as a valuable part of 
his menu. The curious and brightly colored shells of the 
clams and the form of the snails doubtless attracted his 
attention and suggested ways in which they could be used 
for practical use as well as for bodily ornamentation. 
The shell gorgets and effigies also indicate that the large 
flat surface of some of the mussels created an art impulse 
which is reflected in these curious objects. 


MARINE MOLLUSCA 


That the Mound Builders and other aboriginal inhabit- 
ants of America were traders is evidenced by the pres- 
ence of many marine shells which evidently came from 
the west coast of Florida or from the Gulf coast of the 
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southern states. That certain of these mollusks were 
highly esteemed is shown by the number of fragments and 
finished objects made from at least one of these marine 
snails. It is probable that the canoes of the more south- 
ern tribes ascended the Mississippi River and barter was 
carried on between them and the Cahokia Indians. 

Busycon perversa (Linn.). Marine Conch. 

This mollusk, so common on the Gulf and Atlantic coast 
of the United States, is the most abundant snail in the 
Cahokia Mounds. Hundreds of specimens of the heavy 
axis occurred in the James Ramey Mound from top to 
bottom. This part evidently was used to make a drill, 
and it may also have been used for ornamental purposes. 
Beads, nose and ear ornaments, and gorgets were made 
from parts of this shell. A dipper made from the body 
whorl of this species was found in burial mounds 19, 20, 
21. A gorget made from the side of the body whorl was 
found in the Sawmill Mound with skeleton No. 10. 

Busycon carica (Gmelin). Marine Conch. Two speci- 
mens of this species were found in the James Ramey 
Mound. 

Busycon pyrum (Dillwyn). Marine Conch. One speci- 
men of this small conch was found in the James Ramey 
Mound. 

Strombus pugilis alatus Gmelin. Stromb Conch. One 
perfect specimen and a fragment of this species were 
found in the James Ramey Mound. Used as nose or ear 
ornament. 

Fasciolaria gigantea Kiener. A portion of the axis of 
this largest of American marine snails was found in the 
James Ramey Mound. 

Fasciolaria distans Lamarck. <A single specimen of 
this Banded Snail occurred in the James Ramey Mound. 
Its probable use was not indicated. 

Oliva litterata Lamarck. Olive Shell. The spire of 
this specimen had been removed and it might have been 
used as a bead or as a pendant from a string of beads. 
From the James Ramey Mound. 

Littorina irrorata Say. Periwinkle. A single perfect 
specimen was found in the James Ramey Mound. Its 
use was not indicated. 
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Rangia cuneata Gray. Marine Clam. ‘Left valve of a 
medium sized specimen found at a depth of 12 feet in 
James Ramey Mound. Also found with surface material. 

Marginella apicina Menke. This small marine snail 
occurred in abundance, especially in the James Ramey 
Mound. This species was used largely for the purpose 
of making beads, the side of the shell being ground down 
to the natural cavity, as in the case of the fresh water 
shells Anculosa and Campeloma. The number of speci- 
mens found indicates that this shell was a favorite for 
this purpose. A singular fact, through perhaps without 
significance, is that these shells were found only in the 
James Ramey Mound, none occurring in any of the burial 
mounds thus far examined. In the mound mentioned 
they were found at several levels between 1 and 12 feet 
low the summit, and from 20 feet deep to the base of 
the mound, 23 feet below the summit. 

Ten species of marine shells have been found in these 
mounds, all but one being gastropods. Three of these 
species were used definitely for ornamentation, either as 
beads, nose ornaments, or gorgets. It is possible that 
these other species will be found to have been used for 
the same purposes when other mounds are examined. 


COMPARISON WITH HOPEWELL MOUNDS OF OHIO 


It is of interest to compare the mollusks found in the 
Cahokia group with those preserved in the Hopewell 
group of mounds in Ohio (Moorehead, Publication 211, 
Field Museum of Natural History, 1922). An examina- 
tion of the collection on exhibition in the Field Museum 
shows that apparently only four species are common to 
both mound groups, Busycon gerversa, Fasciolaria gi- 
gantea, Cyclonaias tuberculata and Amblema costata, the 
last two fresh water mussels. 

Two large and characteristic species of Mollusca occur 
in the Hopewell group that are absent from the Cahokia 
group, Cassis madagascariensis, and Cypraea exan- 
thema. This may indicate a different trade route, per- 
haps with different tribes, because these shells would 
appeal to the aboriginal mind on account of their size 
and striking appearance as well as attractive colors, and 
would have been sought eagerly by the Cahokia people. 
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These shells are found on both sides of the Floridan 
peninsula, their distribution including the east coast of 
Texas. The finest specimens, however, occur in southern 
Florida and in the West Indies. 

The Hopewell people used these large shells (some of 
which are larger than any recent specimens the author 
has seen) for dippers and perhaps for drinking vessels. 
The interior whorls are usually removed, leaving only 
the large outer or body whorl. Busycon perversa is also 
of large size and seems to have been used as a dipper. 
Of these large shells, several were found with skeletons. 
The following were noted: 

Cassis madagascariensis with skeleton 241 in mound 
8; skeleton 192, in mound 4; as ear ornaments 8 inches 
long with skeleton 281 in mound 25. Cypraea exanthema 
with skeleton 191 in mound 4. Amblema costata with 
skeleton 173 in mound 20. A fragment of Cyclonaias tu- 
berculata was observed with other mussel fragments. 

It is noteworthy that in mounds in Calhoun County, 
Tilinois, the large Cassis madagascagiensis occurs and is 
the same form as found in the Hopewell Mounds. This 
might indicate a different route of barter from that of 
the Cahokia group, possibly overland from Indiana and * 
Ohio. That this large shell should be absent from the 
Cahokia Mounds is significant. Beads of Anculosa 
praerosa are more abundant in the Calhoun County 
mounds than in the Cahokia group. 

The builders of the Hopewell mounds used shell beads, 
made of both marine and fresh water shells, to a marked 
degree, thousands of these being in the collection. Baro- 
uque pearls were also in demand, judging by the number 
of these in the collection which had been made into beads. 
It is probable that valuable free pearls were used also. 
None of these have as yet been found in the Cahokia 
Mounds. 

It would be of interest to both Malacologists and Eth- 
nologists if the shells found in various tumuli left by 
aboriginal people could be listed accurately and the uses 
of the shells indicated. The present paper is a contribu- 
tion toward that end. All of the material listed from 
the Cahokia Mounds is in the Museum of Natural His- 
tory of the University of Illinois. 
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FISHING WITH A HAMMER 


Frep R. Jevuirr, Presipent or Knox County AcapEMyY 
or Scrence, GaLEsBURG 


I presume that you all enjoy fishing with hook and 
line, but there is pleasure also in angling with a hammer. 
For a number of years I have found recreation in the 
examination of a layer of slate over a seam of coal five 
miles east of Galesburg due to the fish remains that it 
contains, and not merely fish but reptilian, crustacean, 
amphibian and molluscan. In a way it can be said to 
illustrate all the great kingdoms of animal life. This 
coal vein is probably what is known as No. 3 of the Illi- 
nois series, and it dips to the southeast at about the same 
angle as Court creek, so that when one reaches Spoon 
river he finds in places this slate and coal in its bed. 

But the scene of our investigation is east of the city 
and is in and just above Court creek channel. On the 
south side of this is a high and steep bluff exposing the 
friable and bluish, and the ironstone layers and a heav- 
ier fossiliferous limestone and clay shale that lie above 
the slate. It is in this slate that one finds the remains of 
ancient fishes, for which but few counterparts are now 
known to exist. 

We have compressed here in a very few feet a remark- 
ably intermingled community of life forms. The slate 
varies much, some of it splitting into thin leaves, the 
surface of which may appear smooth save for an occas- 
ional fish spine or tubercle, and others being filled with 
nodules or elongated concretions that cannot be readily 
split. The probability is that the slate was deposited 
far enough from the shore to permit the accumulation of 
the finer vegetable sediment, for the slate is fine grained 
and consists of very thoroughly ground up vegetable 
material. In the nodules one often finds interesting speci- 
mens of the life of that ancient sea. These are composed 
of a much harder material than the slate, and constitute 
caskets around the remains of what were once organic 
beings. Usually by a careful application of the hammer 
on one end, the nodule will split open and disclose the 
specimen. 
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Fig. 1. Fin or paddle like form, order and species undetermined. Bony 
structure indicated, with what seems impression of integument. 
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Fig. 2. May be caudal fin of crustacean. Other specimens have extending 
from this what appear jointed structures. Z 
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In speaking of the preserving characteristics of this 
slate, Professor E. D. Cope, the noted paleontologist, 
wrote. ‘‘It will be worth while to make further examina- 
tion in the slates, which are the best I have seen for the 
preservation of paleozoic fishes.’’ 


Among the animals thus found encased are large types 
of what for lack of a better English name I will call water 
fleas, a simple type of crustacean, some with carapaces 
or body casements plain, and some with carapaces cover- 
ed with many lines of minute scales. Extending back 
from the sinus, or incurved beak portion, were several 
segments that terminated in two spines. This is true at 
least of some of the species. Creatures allied to this 
crustacean type are now quite small and are found in 
ponds, but in the slate one can find the carapaces alone 
from three to six or more inches long. From the abun- 
dance of the remains, one is forced to believe that these 
creatures constituted one of the leading features of the 
life of that sea or estuary, that they were of many varie- 
ties, and that they attained not merely great size but had 
their own beauty of form and motion. 


In the slate are found also species of nautilus and parts 
of large shells of this order, some enclosed in nodules and 
some not. In fact, on top of one slab I found a large nau- 
tilus, six inches in diameter. In addition, in some of the 
lower layers one often discovers numerous scallop shells, 
types of which are contained both in the slate and the 
overlying layers, showing that they had a long lease of 
life; these are not unlike some of the forms that still 
exist. 


Also quite frequently seen are the elegantly preserved 
parts of what some of our authorities call the wings of 
insects, but which from the numerous specimens examin- 
ed seem to me the caudal or tail fin of a crustacean. In 
addition there have been noticed what appeared to be 
distorted fragments of a larger species of crab. On one 
leaf there was part of the skeleton perhaps of an amphi- 
bian, but not sufficiently defined to determine with exact- 
ness. Thus you see that there was quite a varied fauna 
of this minor life. 
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But it is the fish life that most concerns one, and it pre- 
supposes many other forms of life on which the fish sub- 
sisted, but whose remains may have been too soft to have 
been preserved. Still there are numerous marks and 
tracings on the slate which seem to reflect a multiplicity 
of forms, and not the least of these are what are presum- 
ed to be the teeth of mollusks. 

One Thanksgiving day a number of years ago I split 
open a slab of this slate about two feet square and was 
about to strike it again when my attention was attracted 
by a row of sharp teeth along extended jaws or mandi- 
bles. At the same time there appeared over the surface 
of the slab a series of bones still showing the bony struc- 
ture, and from them ran what seemed a short segment of 
the backbone. Stout spines, two or three in number, were 
back of the jaws some distance. The teeth were keen 
pointed and less than half an inch in length, with denti- 
cles each side extending up from the base of the tooth. 
Some of these teeth showed a curvature backward. 

I sent the specimen to Professor Cope, then a recog- 
nized authority on fishes, and he became greatly interest- 
ed in it, as it threw some light on controverted points re- 
garding ancient fishes. He made the specimen, which he © 
described as that of a paleozoic shark, the subject of a 
scientific description in a work that he was then getting 
out. Judging from the size of the jaws and the connect- 
ing bones of the skull, it was a shark of considerable size, 
and considering the teeth and their extreme sharpness, 
was capable of doing much execution on the other deni- 
zens of the water. Such backward curved teeth surely 
gave it ability to hold what it once gripped. 

At the same time I sent Professor Cope another type 
of fish from the same formation, but evidently of differ- 
ent habits and adapted to other forms of food. It ap- 
peared to be somewhat reptilian in shape , with its long 
narrow head and the extension backward of the jaws. 
But its mouth was filled with crushing or pavement teeth, 
that is, teeth rounded on top with a raised center and 
somewhat corrugated. The dentition was thus in sharp 
contrast to that of the shark previously described. From 
the general appearance one would judge that this crea- 
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Fig. 4. Carapace of Ceratiocaris, water flea, abounding in slate, and of 
several varieties. 


Fig. 5. Fish spine, with outward edge dentate, and what appears fin 
attached to other edge. 
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Fig. 6. Single fish spine, Listracanthus. <A large slab shows number of 
these in connection with spicules, that appear to pass upward 
into these spine forms. 
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ture was capable of great speed, for back of the head 
there are the rays of powerful fins. You might ask what 
use this fish had of crushing teeth, and the answer would 
be that perhaps it fed on the water fleas and other shelly 
creatures that would require this form of dentition. 
Such teeth assumed a decided variety of shapes, and it 
would be easy for one if he met them separately to as- 
cribe them to different species. 

There were still other shark forms and there are in- 
dications that these also were of large size. Their re- 
mains are, however, so scattered that it is hard to frame 
a definite idea of their outlines. I found, for instance, a 
finely ornamented spine eight inches long that must have 
extended a considerable distance above the back. It has 
ridges running its full length and along these there are 
strings of little black knobs. As one looks at this speci- 
men he can almost imagine a hungry shark with its dorsal 
or top fin attached to this ornamental spine cleaving the 
water, in zealous pursuit of its prey. 

The tubercles that abound in the integument of cer- 
tain sharks are frequent and are found at times in con- 
siderable number, clusters or masses. These are star- 
shaped with a raised center and with a base about a quar- 
ter of an inch in diameter. 

Then there are other sharks that had numerous spines 
in the integument. Formerly I thought that these spines 
must be solitary, placed for instance on the backbone, but 
more recently I have found a large specimen that would 
indicate that they might have been scattered over the 
shark and in all stages of development, ranging from 
those shaped like a small v to those with three ribs and 
those of more up to a dozen, all apparently secured in the 
integument and so forming quite a defense. These or 
similar spines have occasionally a length of three to 
four inches, while still others, evidently of a different 
genus, are of a tapering spindle-like shape. 

Some have tried to connect up these spine finned fishes 
with the Port Jackson shark, and they may be right but 
there is still need of light. They must have ranged from 
those small to those of large size, if the spines are any 
criterion. There igs nothing to show what the dentition 
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was, and the shark has been named from the spines, but 
I am sure that it will take much study yet to settle de- 
finitely its rightful affinities. 

If you wish the scientific names of these three types of 
sharks you will find that they are Symmorium reniforme, 
Orodus basilis, and Listracanthus, the first two derived 
from the form of the teeth and the third from the spine. 

Still another shark that Professor Cope passed on 
had small, very sharp teeth scattered over the palate, 
which he named stylobasis. Needle like as the teeth were, 
yet judging from the massiveness of the head it was of 
considerable size. 

Aside from these more formidable types, which must 
have been the terrors of that ancient sea, there were 
several species of ganoids, an order of fishes that exist ir 
our own day and have their chief representatives in the 
gar pike and the sturgeon. One of the most beautiful 
fossil fishes that I ever found was a ganoid, encased in 
a glistening, white armor of scales, lapping up one 
against the other, and all prettily decorated. It was five 
inches long and an inch or so in height, and evidently was 
as perfect as when the shale was sifted over it. This also 
was sent to Professor Cope for determination. 

Another almost perfect ganoid shows scales and 
characteristic tail with peculiar scale markings. One 
often finds a single enameled scale, and even clustered 
scales, and this is sufficient to show that such a fish exist- 
ed. These little ganoids were elegantly shaped, and when 
in schools must have made a brilliant spectacle. They 
connect the remote past with the present. 

There are some remains that have not yet been figured 
out. These are paddle-like remnants with rays attach- 
ed to parts like those of a wrist, evidently belonging 
to some creature that was neither fish nor reptile. More- 
over one specimen shows the delicate backbone and im- 
pression of some animal allied to the reptiles. 

We have then in this deposit a decided multiplicity of 
life forms, some of which have relationship with the 
present. I remember that on one occasion while at Spoon 
river, thirteen miles east of this city, I was made aware 
that a friend had caught a large bass, for his yell of ex- 
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ultation echoed and re-echoed along the bluffs. I have 
read that the Director of the Geological Survey while on 
one of the mountains of Canada split open a rock and dis- 
covered therein a large perfect specimen of trilobite, that 
precursor of our modern crab, and he, too, yelled in tri- 
umph. I can assure you that when you go fishing with a 
hammer and split open a slab of slate and behold there 
the whole series of the teeth of a shark or the graceful 
outline of a large nautilus, or the glistening armor of a 
ganoid, you, also, will be tempted to make your pleasure 
audible. 

But it all seems very strange that life should have ex- 
isted so long ago on the earth and that there should be 
such a multiplicity of forms. Our own county furnishes 
a unique illustration. You may sit on a slab of slate in 
Spoon river bank and perhaps haul out bass, catfish, 
perch or sunfish, and then with your hammer find in the 
slate remnants of fish unlike anything that you have 
caught and that existed probably millions of years ago. 
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CORRELATIONS OF WELL DRILLINGS IN NORTH. 
ERN ILLINOIS, WITH OUTCROPPINGS OF 
EARLY PALEOZOIC BEDS IN WISCONSIN 


A. W. Tuurston, University or 


The correlation of the Lower Paleozoic formation in 
Illinois is somewhat difficult because of incomplete data. 

The St. Peter sandstone outcrops at several places 
along the LaSalle anticline and in LaSalle County where 
its entire thickness is exposed. The Lower Magnesian 
or Prairie du Chien group is seen only in a few scattered 
outcrops and there only the top member is partially ex- 
posed. The nearest exposure of Cambrian rocks is near 
Janesville, Wisconsin, but most of the Cambrian forma- 
tions outerop near Madison Baraboo or farther north. 
These are traced into northern Illinois, a distance of 250 
miles, by means of deep well records. Both the Illinois 
Geological Survey and the Wisconsin Geological Survey 
try to procure records and, if possible, to secure samples 
from the wells in their respective states. By this means 
only can subsurface formations be traced with certainty. 
The greater the number of well records available the 
more complete will be the data at hand and hence the 
more accurate will be the correlations that can be made. 

Fossils are ground up in the well cuttings. Therefore, 
little or no paleontological evidence is offered to assist 
in the correlation of well cuttings. 

The problem is entirely a stratigraphic one. The cor- 
relation is made by means of ‘‘key’’ horizons, or hori- 
zons which are recognized by certain peculiar character- 
istics which are maintained over wide areas. Forma- 
tions may change lithologically from place to place be- 
cause conditions for sedimentation were not the same. 
Nearest the shore the coarser materials are deposited. 
Farther out on the mud flats shale is deposited, and still 
farther out in quiet water lime mud which cements to 
form limestone is deposited. During the Jordan sea in- 
vasion central Wisconsin was near the shore, and the 
formation is a sandstone there, whereas during the same 
time northern Illinois was farther from the shore where 
clear water prevailed and limestone was deposited. For 
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the same reason sandstones in Wisconsin may become 
shales in Illinois. For similar reasons, formations under- 
lying northeastern Illinois may differ from those under- 
lying northwestern Illinois and vice versa. 


Formations often pinch out laterally, giving a different 
stratigraphic succession of formations in northeastern 
Illinois from that in northwestern Illinois. Under these 
conditions it is necessary to have a large number of well 
records to note the progressive changes taking place at 
a distance from the out-crop. 


F. W. Thwaites of the Wisconsin Survey gives the fol- 
lowing succession of Cambrian, Ordovican, and Silurian 
rock formations in southern Wisconsin: 

Silurian— 
Feet 

Niagaran limestone ‘‘Clinton’’ formation. .300-670 
Ordovician— 


Galena-Platteville dolomite and limestone . 200-450 


Shakopee limestone 
New Richmond sandstone 
Oneota limestone 


Cambrian— 
Jordan sandstone, grades to limestone 
St. Lawrence sandstone, grades to dolo- 
Mendota dolomite ............ceeeeeeees 0- 20 
Devils Lake sandstone, local depth unknown 
Franconia sandstone 90-175 
Mazomania sandstone, gray to red........ 100+ 
Dresbach sandstone 40-180 
Eau Claire sandstone and shale........... 70-410 


Mt. Simon, coarse to medium ss. 


Not all of these formations are recognizable in northern 
Illinois and probably all are not present. The Niagaran, 
a light gray dolomitic limestone, caps the hills in north- 
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western Illinois, and in Cook County it is the first 
stratum to be penetrated by the drill. 

The Maquoketa shale lies immediately below the Nia- 
garan, and in northwestern Illinois some difficulty is en- 
countered in differentiating it from the clays of the 
glacial drift as the unindurated material above it caves 
and glacial pebbles fall in and re-mix with the samples. 

The Galena and Platteville limestones are 170 to 450 
feet thick. The Galena is dolomite; the Platteville is a 
calcareous shale or limestone. These formations outcrop 
in broad irregular belts extending north and south in 
north central Illinois, in east and western parts of the 
State. The Platteville is found only in drill records. It 
lies uncomfortably on the St. Peter. This is of the same 
general horizon if not identical with the Platten of south- 
ern Illinois. The Galena dolomite is about equivalent to 
the Kimmswick of Missouri. 

The St. Peter sandstone outcrops in a small area near 
Ottawa, LaSalle, Sheridan, and Troy Grove. This is a 
key horizon, and the sand grains are more rounded than 
those of any other sandstone formation. They are per- 
fectly sorted and are very uniform in size. The St. Peter 
maintains the same characteristics over wide areas. 
There is an unconformity at the base where it overlies 
the Shakopee limestone. It ranges in thickness from 65 
to 325 feet. 

The Lower Magnesian group is composed of three di- 
visions: The Shakopee dolomite, New Richmond sand- 
stone and the Oneota dolomite. Only the Shakopee out- 
crops in this State. The outcrops are at Split Rock near 
Utica and a few scattered inliers along the LaSalle anti- 
cline. Nowhere is its entire thickness exposed. The 
New Richmond sandstone is a medium to coarse sand- 
stone about 20 to 70 feet thick. The Oneota dolomite is 
the lower member of the lower Magnesian group. It is 
known only in well cuttings, a light gray somewhat 
cherty dolomite. The three members can be recognized 
in the northwestern part of the State as far east as Dixon, 
Amboy and LaSalle. Farther east the New Richmond 
and probably the Shakopee are absent. If they were de- 
posited there it is probable that they were eroded away 


t 
— 
— 
— 
— 
4 
j 
| 
— 
| 
— 
| 
 &§ 
— 


PAPERS ON GEOGRAPHY AND GEOLOGY 346 


in the post Prairie du Chien erosion period. The base of 
the Oneota is glauconitic and in some wells there are 
about 15 to 25 feet of glauconitic sandstone at the base. 

Underlying the Oneota sediments are the rocks of the 
Cambrian period. These in Wisconsin are about 1000 
feet thick, and in Illinois they have been penetrated to 
nearly that depth. It is from these strata that most of 
the artesian water in northern Illinois is obtained. 

The Madison limestone is absent in the Illinois section. 

The Jordan formation which outcrops as a sandstone 
in Wisconsin become more calcareous southward, becom- 
ing a dolomite in Illinois where it can not be distin- 
guished from the underlying St. Lawrence limestone. 

The St. Lawrence is a dolomite, either pinkish, purp- 
lish or dark gray in color. The combined thickness of 
the St. Lawrence and Jordan dolomites is about 150 to 
175 feet; one or both of these formations are known from 
Dixon westward, but neither one has been recognized in 
the eastern part of the State. 

The Mendota dolomite may be present near Chicago, 
but can not be distinguished from the Oneota. Its pres- 
ence is indicated by the thickness of the Oneota dolomite, 
which is greater than that of the Oneota formation north- 
ward, and part of this increased thickness may be the 
St. Lawrence -dolomite. 

In Illinois the Devils Lake and Franconia formations 
are either absent or indistinguishable from the Mazo- 
manie formation. The Mazomanie formation is a sand- 
stone, containing some limestone and shale lenses. The 
sandstone is angular or subrounded, and poorly sorted. 
It has often been confused with the Jordan sandstone in 
this State. It is the first thick sandstone below the 
Oneota. This immediately underlies the Oneota in Kane 
and Dupage counties and probably in Cook and Lake 
counties. 

The Dresbach sandstone is in most places a medium 
white sand. However, in Cook and Lake counties it may 
contain dolomite and shale. There is the possibility that 
the Mazomanie formation does not extend as far east as 
Cook County, and that the first Cambrian sandstone pene- 
trated in Cook and Lake counties is the Dresbach, and 


346 ILLINOIS STATE ACADEMY OF SCIENCE 


that the dolomite and shale belongs in the Eau Claire 
formations which is quite variable in its lithology. This 
interpretation would make the Eau Claire considerably 
thicker there than elsewhere. The Eau Claire in the 
northwestern part of Illinois is a gray or pinkish sand- 
stone with a thin shale showing in some wells. It is a 
rather variable formation and in northeastern Illinois it 
consists of shale, sandstone, or red marl. This red marl 
is rather persistent. In the eastern part of the State the 
formation is 65 to 175 feet thick. At Savanna there is a 
conglomerate at the base. 

The Mt. Simon sandstone is an unsorted sand with 
medium angular to subrounded grains, which are rather 
coarse toward the base. This is the basal formation of 
the Cambrian of Wisconsin, and probably of northern 
Illinois also. F. T. Thwaites claims that the Dixon and 
Rockford wells both penetrate this formation and enter 
the Huronian below*. If this is true the sediments below 
the Mt. Simon are sandstones resembling those of the 
Mt. Simon. They would probably be Keweenawan sedi- 
ments instead of Huronian quartzites such as occur in 
the Baraboo region and appear in some of the records of 
Wisconsin wells. It seems more probable to the writer 
that those lowest sandstones are of Cambrian age and be- 
long to the Mt. Simon formation. More definite informa- 
tion will be available after a larger number of well sam- 
ples have been sent to the Geological Survey office and 
studied so that the data will be more complete. 


* Norton, W. H., Hendrixon, W. S., and Simpson, H. E., Muzner. U. 8. 
G. 8. Water Supply paper 293, pp. 67-78. 
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PLEISTOCENE DEPOSITS IN LAWRENCE 
: COUNTY * 


Fiemrin W. Cox, Untversity or 
LOCATION 


Lawrence County is one of the border counties between 
Illinois and Indiana, in the southeastern part of the state. 
Since at this place the Wabash river furnishes the boun- 
dary line between the two states, it forms the eastern 
boundary of the county. The largest tributary entering 
the Wabash from the west is the Embarrass river and it 
flows through Lawrence county to its junction with the 
Wabash in the southeastern part of the county. The 
southern border of the Illinois Drift Sheet is about thirty 
miles south, while the moraines marking the southern 
edge of the Early Wisconsin Drift Sheet are about forty 
miles north of the county. This portion between the 
edges of the two drift sheets is significant because the 
mantle rock which covers the county was derived chiefly 
from the Illinois and Wisconsin Ice sheets. (See Map.) 


ELEVATION 


The average elevation of Lawrence County is approxi- 
mately 450 feet above sea level. The range of elevation 
is not great, about 250 feet. There are, nevertheless, two 
distinct physiographic divisions, the upland and the low- | 
land. About one-third of the county is occupied by the 
lowland of the Wabash and Embarrass rivers, while the 
remaining two-thirds are upland. The mantle rock 
which covers the county are Pleistocene deposits of the 
Illinois and Wisconsin Ice sheets, and because of the 
number of oil wells that have been drilled in the county 
it has been possible to learn something of the character 
and depth of these deposits. 


Since this paper deals with differences between the up- 
land and the lowland it is necessary to point out their 
respective locations. 


* This paper should be read with a map of the area before one. 
The best map of Lawrence County is the topographic map, which may be 
secured from the State Geological Survey at Urbana, Illinois for from ten 
to fifteen cents. 


{ 
i 


. 348 ILLINOIS STATE ACADEMY OF SCIENCE 


The lowland lies along the Wabash and Embarrass 
rivers, and extends for some distance up the small tri- 
butaries. The greatest extent of lowland is along the 
Wabash river above its junction with the Embarrass. 
This lowland is narrow in the northeast corner of the 
county, at which place the hills of the upland push almost 
to the river, but extending south, it widens rapidly to- 
ward the west until it meets the lowland of the Embar. 
rass just north of Lawrenceville, the county seat. 
Southeast of Lawrenceville, it narrows to a width 
of two miles at the junction of the two rivers, and 
below the junction a width of about two miles is main- 
tained. The Embarrass river lowland enters the county 
from the north with a width of about three miles, and 
extends in a southeastern direction until it merges with 
that of the Wabash north of Lawrenceville. 

Two tributaries enter the Embarrass river from the 
west, Indian Creek, about six miles above the river’s 
mouth, and Muddy Creek in the north part of the county. 
From the northeast, Brushy Fork flows into the Embar- 
rass a few miles below the mouth of the Muddy Creek. 
A number of artificial ditches drain the wide expanse 
of lowland between the Wabash and Embarrass rivers 
and it is significant that almost all the water from these 
ditches drains into the Embarrass river. The southern 
part of the county is drained by Raccoon Creek,: which 
flows in a southeastern direction and enters the Wabash 
a few miles south of the southern boundary of the county. 

The upland, occupying the remainder of the area, is 
divided by the Embarrass river into two portions. One 
is a V-shaped section in the northeastern part of the 
county between the lowland of the Wabash and Embar- 
rass rivers. The other occupies the western and southern 
portions. This second part is comparatively narrow at 
the north, being about three miles in width. It widens, 
however, gradually, until along the southern boundary 
it extends across almost the full width of the county. 

The upland is gently rolling, with a difference in eleva- 
tion between the divides and the valleys of not over fifty 
feet. The valleys are wide and the divides, between 
the drainage basins of the small creeks, are low hills 
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which have such slight relief as to be scarcely recogniz- 
able as divides. The lowland consists of flood plains, 
low and level near the rivers, and terraces that are wide 
but elevated only slightly above the flood plains. There 
are two conspicuous hills upon the wide lowland‘between 
the Wabash and Embarrass rivers, the Sand Ridge hill 
east of the Embarrass just opposite Lawrenceville and 
the Dubois hill just west of the Wabash river opposite 
Vincennes, Indiana. 

The stratified rocks lying just beneath the Toose mantle 
rock consist of the McLeansboro formation of the Penn- 
sylvania series. Although these upper layers of strati- 
fied rocks lie practically in a horizontal position, the dif- 
ference in the elevation of the upper surface of the solid 
rock is much greater than the difference in elevation of 
the upper surface of the soil. This is shown clearly by 
the following table. 


SURFACE OF THE SOIL 


Highest point in Lawrence county............. 641 feet 

Lowest point in Lawrence county............. 391 feet 

SURFACE OF THE ROCK 

Highest known rock surface..........:...... 625 feet 

Lowest known rock surface.................. 249 feet 

Difference ........ 376 feet 


THE MANTLE ROCK 


If the unconsolidated clay, silt, sand and gravel that 
everywhere cover the solid rock were removed, the topog- 
raphy would be much rougher than at present. The up- 
land would present a topography differing but little from 
the present one, although it would lie somewhat lower. 
The lowland, however, would lie many feet below its 
present surface. The Wabash river would flow from 
100 to 175 feet below its present bed, and the Embarrass 
would join it at as low a level. Brushy Fork and Muddy 
creeks would join the Embarrass about 50 or 60 feet 
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lower than at present, and Indian Creek would enter it 
at least 95 feet lower than at present. There would be 
a deep depression in the southeast part of the county 
under what is known as Wolf prairie where drilling has 
shown that it is 176 feet to solid rock. The wide stretch 
of country between the Wabash and Embarrass would be 
in places at least 100 feet lower and would no doubt be 
rougher, and the Sand Ridge and Dubois hills, with their 
crests as high as at present and their bases as low as the 
rivers were then flowing, would stand up as very con- 
spicuous hills. 

The question naturally arises as to the origin of the 
deposits of mantle rock that have covered the rougher 
rock topography and have given the region a compara- 
tively gentle undulating surface. The soil under physi- 
cal and chemical tests shows that it has not been derived 
from the rocks upon which it rests. It contains particles 
entirely foreign to the underlying rocks. Over the 
upland, resting upon the rock surface, is a pebbly bowl- 
der clay with some sand and gravel near its basal 
portion. Its lower part is made of blue clay, but that 
within 10 or 12 feet of the surface is light yellow clay. 
The yellow color is due probably to weathering rather 
than to any original differences in composition from the 
blue clay. This formation is the glacial till of the Illi- 
nois Drift Sheet which spreads over southern Illinois as 
far south as the spur of the Ozarks. 

By examining the logs of a large number of oil wells 
upon the upland, the variation in the depth of the mantle 
rock is found to be from 0 to 36 feet. Over the lowland 
the matérial of the mantle rock is different from that of 
the underlying rocks and very different also from the 
glacial till of the upland. The deposits of this portion 
are much thicker, showing a variation of from 60 to 176 
feet. An examination of these deposits of the lowland 
shows that they are river laid deposits. They consist of 
sand, gravel, and silt. With such, the lowlands were ele- 
vated from 50 to 175 feet. The evidence given by wells, 
gravel pits, and any excavation that goes but-a short dis- 
tance below the surface of the lowland indicates that it 
is underlain by thick deposits of gravel. Above the 
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gravel may be found sand, and over all the lower por- 
tions, above the sand, is silt. In places the sand has been 
piled up into dunes by the wind, and the higher parts of 
the lowland and the adjoining parts of the upland are 
covered with loess. The position of the Wisconsin Ice 
Sheet leads one to believe with scarcely a doubt that it 
was the source of supply for the thick lowland deposits. 
The source of the Wabash is far north of the southern 
limit of the Wisconsin Ice Sheet. The source of the Em- 
barrass is also north of the this same position, but it is 
not very far north. It rises just south of the Champaign 
moraine, the first stopping place of the Wisconsin Ice 
edge as it retreated towards the northeast. Its stop at 
this place was brief. The tributaries of the Embarrass, 
Muddy, Brushy Fork, Indian and Raccoon creeks had 
their sources far to the south of the Wisconsin Ice edge. 
When the ice edge stood along the line which crosses 
the state near Shelbyville, Mattoon, Charleston and 
Paris, the rivers that flowed southward from it were 
much larger and much more heavily laden with rock ma- 
terial than at present. Throughout the long ages during 


* which the ice advanced, retreated, halted, readvanced and 


retreated again, until its’ final disappearance from the 
region, great torrents of water were borne away by the 
Mississippi, Illinois, Wabash and Embarrass rivers. It 
was chiefly by means of the gravel, sand, and silt which 
the Wabash and Embarrass carried that the low lands of 
Lawrence County were built up from 50 to 175 feet higher 
than they were in pre-glacial times. Since the Wabash 
was a much larger river at the ice edge than the Embar- 
rass and since it had a number of tributaries that also 
flowed from the ice edge, it contributed much more mater- 
ial toward the building up of the lowland than did the 
Embarrass; and since its source lies far to the north of 
the southern edge of the Wisconsin Drift sheet, it and 
its tributaries continued to furnish gravel, sand, and silt 
long after the ice edge had retreated north of the source 
of the Embarrass. 

Under the circumstances described above, from the 
time of the farthest advance of the Wisconsin Ice sheet 
the Embarrass and Wabash began building up their val- 
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leys. Since the tributaries of the Embarrass, Muddy, 
Indian, and Raccoon creeks were not receiving supplies 
of gravel, sand, and silt, from the ice edge, they could not 
build up their valleys as fast as did the larger streams. 
The result was that they were damned at their mouths 
and ponded. Lakes covered their valleys which later 
were filled with lake deposits. On such a basis may be 
furnished the explanation for the extremely level surface 
of these tributary valleys. 

When the ice edge retreated north of the source of the 
Embarrass, its supply of gravel, sand and silt were, for 
the most part, shut off, but the Wabash continued for a 
long time to build up its valley. The result was that the 
Embarrass was ponded for a distance up its valley. 


’ Under such conditions, it is natural for the drainage 


ditches, which for the most part follow the lines of old 


_channels, to drain into the Embarrass rather than into 


the Wabash. This ponded condition also gives a good 
explanation for the meanders of the lower Embarrass. 
When the ice edge was near its southern position, the ma- 
terial carried by the Wabash was coarse and the gravel 


deposits were then laid down. As the ice edge retreated’ 
farther to the north, the deposits became finer, and first 


the sand and then the silt were laid down. When it re- 
treated so far to the north that it was beyond the source 
of the Wabash and its water found a lower outlet, the 
river began to lower its bed by cutting through its de- 
posits. This has proceeded only a short distance, but it 
left broad terraces standing only a little higher than the 
other portions of the lowland, and it permitted the Em- 
barrass and its tributaries to lower their courses enough 
to drain the ponds in their valleys, or if they had become 
filled by lake deposits, it permitted these streams to lower 
their channels slightly below the level of the surface of 
those deposits. 
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THE USE OF THE MICROSCOPE IN THE STUDY 
OF SUBSURFACE STRATIGRAPHY 


J. E. Lamar, GrotogicaL Survey, URBANA 


For many years paleontology and lithology have been 
the bases for correlation of sedimentary rocks, but up to 
comparatively recent years only the grosser character- 
istics have been made use of for this purpose. It has 
also been customary to study the cuttings from wells 
for many years, but again it is only of late, with the 
stimulation of interest in the field of sedimentation, that 
a really critical examination of the lithology of cuttings 
has been at all extensively undertaken. With the closer 
study of the lithology of rocks has come either contem- 
poraneously, or as a result thereof, the closer study of 
the minute or microscopic fossils. 

The microscopic study of sediments, as has been im- 
plied, may be divided into two general classes, litholog- 
ical and paleontological. The first concerns itself with 
the state of aggregation of a rock and the constituent 
minerals forming the aggregate. That is, it deals with 
the mineral composition .of rocks, the size and shape of 
the mineral grains, the nature of the cementing mater- 
ial, and in some cases, with the chemical composition. 
If the rock is crystalline the nature of this phenomenon 
is also considered. Various methods are employed to 
determine these data, but at present the two most com- 
mon modes of examination consist in the study of rock 
powders and of thin sections. The first, as the name 
implies, consists in the examination of the rock either 
as an artificially produced or natural powder. As the 
cuttings from wells drilled with a churn drill are com- 
monly broken up rather finely, this method of study is 
especially applicable in such cases. 

This detailed study of lithology has been used very 
satisfactorily in the case of well cuttings for separating 
one formation from another, as follows: Estimates are 
made of the percentages of sandstone, shale, and lime- 
stone in the various samples under a microscope, and 
these percentages are then plotted as a composite or 
synthetic log. The formational changes are shown by an 
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abrupt increase or decrease of one or more of the three 
major sediments, the sandstone, limestone, or shale. 

The second method of study, that of thin sectioning, 
gives more exact details than the first, and in the case 
of consolidated rocks, such as limestones and sandstones 
or unpulverized samples, is often the more satisfactory. 
It necessitates the making of a thin section which in- 
volves the expenditure of some little time but affords 
a detailed knowledge of the crystalline structure and 
mineralogical character of the specimen examined. 

In the study of the paleontology of sediments with a 
microscope, the procedure consists in the examination of 
the rock as small fragments or thin sections. If the rock 
to be studied is a shale, it is soaked in water and washed 
under a strong stream of water until the fine shale par- 
ticles have been removed and only the larger and heavier 
fragments of calcareous or siliceous material remain. 
This residue contains whatever minutia or small fossils 
the original shale contained. It is dried, sieved to var- 
ious sizes, and examined under the binocular microscope. 

Limestones, particularly shaly limestones, are treated 
in a somewhat similar fashion. They are soaked in 
water, then very carefully granulated with particular 
care that none of the finer chips be lost. The resulting 
fragments and powder are dried, sieved, and also ex- 
amined under thé binocular microscope. 


As previously stated, this method is satisfactory with 
shales or shaly limestones, or even granular limestones, 
but its use with dense, fine-grained limestones ig rather 
doubtfully successful. In studying this last kind of rock 
it may be necessary to resort to thin sections and from 
them determine, if possible, what diagnostic life forms 
the rock contains. If the fossils in the limestones are 
silicified, however, very satisfactory results can be ob- 
tained in some cases by breaking the specimen into small 
pieces and allowing them to etch in dilute hydrochloric 
acid. The etching removes the calcium carbonate and 
leaves behind whatever siliceous or argillaceous material 
was contained in the rock. In this residue the silicified 
minutia are found if present. 
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The minute fauna that is found in limestones and shales 
of different ages are varied. The unique character of 
some of these forms led earlier workers to consider them 
diagnostic of specific beds. As the evidence accumulates, 
however, it becomes apparent that only in rare instances 
is a single form diagnostic of a certain bed, and that 
rather an association of forms is the better diagnostic 
evidence. The search for horizon markers has been ex- 
tensive and even skeletal parts have been made use of, 
not as wholly diagnostic in themselves, but as corrobo- 
rative evidence. 

Diminutive species of larger forms, such as brachio- 
pods and pelecypods, are not uncommonly met with in 
the microscopic study of sediments. The forms which 
are more novel, however, and are receiving more atten- 
tion at present, may be mentioned briefly. 

Ostracods:—small crustaceans with a bivalved shell. 

Foraminifera:—small protozoans with a skeleton of 
calcium carbonate. The tests are of varied design, some 
being coin-shaped, some like a grain of wheat, and others 
composed of a series of globular chambers arranged in 
regular or irregular patterns. 

Bryozoa:—colonial or encrusting molluscoidea, some 
of which possess skeletons with intricately developed 
lace-like patterns. 

Diatoms :—very small one-celled plants, with siliceous 
cell walls. These forms are not known in any of the I[lli- 
nois rocks. 

Other less common remains than those mentioned 
above, but forms which in combination with others are in 
cases of diagnostic significance, are sponge spicules, 
Echinois spines, Productus spines, worm casts, anelid 
jaws, and fish teeth. 

The geological usefulness of this sort of work is ap- 
preciated readily when it is considered that in many 
places the bed rock is concealed beneath a covering 
of later sediments, wind-blown material, or glacial drift, 
and it is therefore impossible to determine its nature. 
The bed rock may come to the surface at some distant 
place and an examination of the outcrops be possible 
there, but in some cases the beds at the outcrop are so 
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different from those which are concealed that what 
is true of them at one place is not true at the other. 
It is obvious that only a detailed, careful, and extensive 
study of the cuttings from wells drilled in such covered 
areas will enable the geologist to know the formations 
underground. The geologist desires to know, however, 
not only what the formations underground are like, but 
also what their structure is, whether they are flat-lying 
or folded. Where it is possible, the structure may be 
determined from a key bed of some particular sort which 
is encountered in the wells. In case there are no such 
beds, however, it is necessary to rely on some other means 
of identifying beds other than by gross lithological simi- 
larity. This is where the microscope finds its usefulness, 
and with its aid an attempt is made to determine what 
characteristics, either lithological or paleontological, can 
be used to identify certain horizons from which the struc- 
ture of the beds may be interpreted. 

Aside from the purely scientific value of the infor- 
mation obtained bearing on the subsurface structure of 
beds, a practical worth is apparent. Oil and gas are 


found associated with certain rock structures, and in the * 


scientific prospecting for oil and gas and the successful 
exploitation of known deposits, it is desirable to know 
the structure of the rock from which the oil or gas is 
obtained. If the microscopic study of sediments, either 
lithological or paleontological, aids in securing such data, 
it renders a valuable service. 

The study of cuttings, however, particularly the litho- 
logic study, is not confined to the identification of beds 
of like stratigraphic position. The increase in the 
amount of sand in a shale formation from well to well 
may indicate the approach to an old shore line, where 
sand lenses, possible oil reservoirs, may be expected. Of 
a somewhat different nature are the determinations of 
porosity and the state of aggregation of oil- and water- 
bearing sands, which have, in cases at least, had a 
definite bearing on successful and maximum oil pro- 
duction. 

In the oil fields of the southwestern part of the United 
States the microscopic study of cuttings has been found 
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to be of great value in determining many of the above 
factors. The large oil companies have established labor- 
atories and employ men to study the cuttings not only 
after they have been brought to the laboratory, but also 
to collect and in some cases study them as they come 
out of the wells. It is of interest to note that perhaps 
the greatest impetus has been given to this work by com- 
mercial enterprises. It seems to be a paying proposi- 
tion with them on a dollar and cents basis. 

The problem which presents itself in Illinois and the 
need for microscopic study are understood readily when 
it is considered that the bed rock of at least two-thirds 
of the State is obscured by glacial drift or loess, and the 
determination of structure is therefore very difficult and 
unsatisfactory. The rocks that do outcrop occur along 
the margins of the State, along the Mississippi and Ohio 
rivers and the adjoining territory, and in the northern 
part of the State along the larger streams and in artificial 
exposures. In some cases these beds continue into the 
central part of the State with the same lithological char- 
acters they display at the outcrop, but in others they 
change very markedly, due to differences in position with 
reference to the shore lines of the seas in which they were 
deposited. One group of rocks in particular, which out- 
crops in the southern part of the State, exhibits this phe- 
nomenon. This is the Chester group, one of the import- 
ant oil-producing groups of rocks in Illinois. In outerop, 
the sequence of the Chester formation has been well es- 
tablished, but as the rocks pass to the north and into the 
central part of the State they become covered and also 
change markedly. In this central area key beds are not 
numerous, and such phases as red rocks and colored 
shales are used for the lack of better evidence on which 
to base correlations. 

It is obviously impossible to use the same large fossils 
in identifying the cuttings from wells that it is possible 
to use in identifying the beds at the outcrop, but it may 
be possible to identify in the cuttings from wells the same 
small fossils which may be used to identify the beds at 
the outerop. With this in mind approximately 1,800 sam- 
ples of the Chester rocks have been obtained very care- 
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fully from typical outcrops. These samples were taken 
from every different layer of the exposure being sampled, 
and in some cases this has meant a sample every six 
inches or less. The samples of the limestones were 
blocks about 3 by 6 by 1 inches, and in case of the 
shales, sufficient fragments to make up a corresponding 
amount. 

The microscopic study of Illinois sediments is just be- 
ginning. The washing of shales has been tried with both 
satisfactory and unsatisfactory results. The sandy 
shales of the Chester formations seem to be practically 
barren of minutia and so do also some of the dense si- 
liceous limestones. On the other hand granulated sam- 
ples of some of the coarser grained, more fossiliferous 
limestones have yielded a number of small forms which, 
though they have not been and may not be established 
as diagnostic, at least hold out a hope for such results 
with further work. Up to the present time the thin 
sections made are mainly from the lower Chester 
formations, and it is quite possible that some of the 
bryozoa and foraminifera which appear therein may 
prove later to be diagnostic of these formations. , 

As yet no definite course has been pursued with ref- 
erence to the detailed study of the lithologic character- 
istics of the samples. This feature is so variable from 
place to place in many of the formations that at the pres- 
ent time its use for ‘‘long distance”’ correlation is looked 
upon as corroborative rather than determinative. . 

The amount of work done on the minutia of the Paleo- 
zoic rocks such as are being studied here in Illinois is not 
so extensive as that devoted to the younger and less con- 
solidated sediments. However, the fact that so much of 
the bed rock of the State is obscured by drift rather urges 
an attempt to make use of all possible means of subsur- 
face correlation, and it is hoped that the future work 
will show results as worth while as those from the 
younger formations, 
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A COLLEGE COURSE IN GEOGRAPHY OF 
ILLINOIS 


Wim Goutp, State TzacHers Cotiece, 


Having lived in Illinois only a few months and having 
seen only a very limited part of the State, it may seem 
like presumption, on my part, for me to give instructions 
as to how a course in Illinois Geography should be 
taught. On the other hand the newcomer has some ad- 
vantages in such a study for he does not have to unlearn 
so many things, overcome so many prejudices or feel so 
much responsibility as does the native. - 

Geography treats of the relation of a social group to 
the area in which it is. It is not simply facts, nor a mass 
of hypotheses, nor a mere collection of parallels. It 
must be objective rather than subjective, or, as Dr. C. O. 
Sauer says, ‘‘It must be theme and not a viewpoint; sci- 
entifie and not temperamental. It is concerned with the 
utilization of an area rather than with the influence of an 
area on-man.’’ To quote further from the same author- 
ity, we note that this investigation involves three factors; 


_ —(1) Extent of Use, (2) Kind of Use and (3) Effective- 


ness of Use. Such topics as trend of population and 
wealth, stability, conservation, regional economy, ete. 
are special themes. 

The modern trend of Geography seems to be rather 
away from the physiographic and geological and towards 
the economic and sociological. Bryce says, ‘‘Geography 
gathers up the results which the geologist, the botanist 
and the meteorologist have obtained and presents them 
to the historian, the economist and the politician’’ but 
Ripley, in his ‘‘Races of Europe,’’ says ‘‘The study of 
physical environment must, at the outset, clearly recog- 
nize its own limitations arising from the power of histori- 
cal elements, of personality, of religious enthusiasm and 
of patriotism.”’ 

Some of the French Geographers have rather over- 
estimated the importance of the historical approach to 
Geography of some regions. Incidentally, I notice that 
the courses offered in a leading French University com- 
prise some half dozen Geography courses based on 
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Europe, half a dozen on Asia, four on Africa and one on 
North and South America. And yet the French complain 
that we are not sufficiently interested in France! 

Illinois offers both distinct advantages and disadvant- 
ages as an area for special study. The modern idea is 
that an intense study of a very restricted area has dis- 
tinct advantages over the cursory study of a great area. 
Professor Jones, of Chicago, says that now that he has 
attempted to study Patagonia and extensive sections of 
Southern Asia he is going to study Chicago and vicinity 
next. For such intense study a State may be too large, 
but for the undergraduate, in less intense work, where 
the desired results are more general, a state may not be 
too large. Professor Ridgley says; ‘‘A geographical unit 
should be large enough to permit the development of the 
main lines of geographic thought; it should be small 
enough to be comprehended with accuracy and vividness 
in its statistical facts; it should be sufficiently diverse in 
physical and climatic conditions to lead to interesting 
contrasts.’’ Illinois is all this. 

At the Ann Arbor Meeting of the National Council of | 
Geography Teachers, Professor Branom of St. Louis 
presented an excellent paper on State Geography with 
special reference to Missouri, but with many general ap- 
plications and suggestions that have helped me in plan- 
ning this Course. For organization and method I drew 
extensively from a Graduate Course on ‘‘Geography of 
Michigan’’ that I took at the University of Michigan. 
It is one thing to name the materials that could be used 
in such a course and an entirely different thing to list the 
materials that were used and worth using again. A text, 
‘‘The Geography of Illinois’’, was in the hands of each 
student, and this book by Ridgley played an important 
part especially when you take into account the fact that 
most of our students seem to know little about formal 
lecture work and are still considerably impressed with 
‘the Book’’. The statistical work was based principally 
on the publications of the Fourteenth Census, especially 
those bulletins dealing with Illinois population and agri- 
culture. State Geological Survey Bulletins, especially 
Numbers 15 and 27, were used; also a great variety of 
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maps put out by the Survey. Map filling can degenerate 
into mere busy work but it can be made to serve a most 
important funetion in college work. We used a large re- 
lief model of the State and one of the Chicago Area. We 
also made effective use of such books as; ‘Starved Rock 
State Park and its Environs’? by Sauer, Cady and 
Cowles, ‘‘Geography of the Chicago Area’’ by Salisbury 
and Alden, ete. Some railroads furnished us material 
of value, but literature sent out by Commercial Clubs 
and other booster organizations is apt to be over en- 
thusiastic and not always absolutely reliable in the mat- 
ter of statistics. An attempt was made to use the daily 
press and other current publications selecting such ma- 
terial as had geographical value. 

It was understood that at least two quarters of Geog- 
raphy should precede this course, for it is the poliey of 
our institution to have a course in Principles and one in 
General Regional Geography precede all others, 

Altho most of our pupils have had no geology save 
what they have gleaned from Geography courses I see 
nothing impossible or undesirable in using considerable 
geological material. Some structural, some economic and 
even some historical can be introduced and appreciated. 
We learned to talk fairly intelligently about the LaSalle 
Anticline and its various types of expression as seen 
in the exposures near Dixon and LaSalle and in the oil 
and gas fields of Crawford, Clark and other counties 
where it is deeply buried. There are some fine geologi- 
cal profile maps that help to show these conditions. I see 
nothing at all impossible about learning the approximate 
extent of the Niagaran Formation. Is it too much to ex- 
pect that a college student may know that three-fifths of 
the State has a rock formation referred to the Pennsyl- 
vanian? The well drillers and many farmers know the 
St. Peter sandstone by name and understand its economic 
importance. Certainly we can go as far, and I see no 
reason why we can not theorize a little as to its probable 
origin. When it comes to understanding conditions in 
the glaciated areas of the State it is hard to see how much 
can be done without a fair knowledge of glacial geology. 
This is true especially of the northeastern part of the 
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State. A person might travel from DeKalb to Chicago 
and never know or care about the Bloomington or Valpa- 
radio moraines, but when he has had his eyes opened to 
such things the landscape takes on new meaning and new 
interest. 

The Physiographic divisions of the State offer a varied 
and interesting field for special study. The Lake Plain, 
the Morainal Plains, the Driftless Area, the Ozark ex- 
tension and the Gulf Embayment, with their modifica- 
tions and extensions, offer fields for study usually but 
little appreciated by the average student. Could such a 
study be supplimented by systematic personal observa- 
tion it would be much more effective, but how can such 
things be? 

Plant and animal life and its distribution are receiving 
deservedly more attention in the field of Geography. The 
person who puts down Illinois as a ‘‘prairie’’ state gets 
somewhat of a jolt when he comes to study vegetation 
conditions and finds that the region classified as ‘‘natural 
forest’’ is so extensive. Seventeen counties are counted 
as being entirely in the forest area and only three en- 
tirely outside. And is the rest true prairie? Perhaps 
the term ‘‘prairie’’ is correct, but the term ‘‘steppe,’” 
which fits the region immediately east of the Rockies, can 
hardly be applied to any of Illinois. In 1919 Illinois mills 
sawed about 65,000,000 feet of lumber, of which 35,000,000 
was oak, 5,000,000 elm and 4,000,000 walnut. Only six- 
teen states cut more oak and only five more walnut. The 
total value of Illinois timber products in 1919 was great- 
er than in Tennessee, Kentucky, Indiana, Maine, Georgia 
or Minnesota, all known as lumber-producing states. Are 
not these facts worth knowing? 

Some English Geographers, Unstead for one, have 
criticized certain publications called geographical by 
American authors. The grounds for this criticism lie in 


’ the fact that too much of the material is purely historical. 


History is not Geography, but that there is a geograph- 
ical basis for much of the history of Illinois seems to me 
to be absolutely clear. Did the Indians burn the prairie 
grass and forest edge periodically to increase the buffalo 
pasture? If so, we have there an illustration of a social 
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group using their environment and modifying it, too, to 
their own advantage. Why were Illinois Indian towns 
located at certain spots along the rivers? If this was due 
to the fact that sandy soils could be cultivated by the In- 
dian women while the regions of tough prairie sod could 
not, we have there a distinct geographical background. 
Then there is that marvelous story of the French. The 
vision of LaSalle, in which he was allowed to see the pos- 
sibility of a great inland, agricultural empire, was based 
principally on his experiences in what is now Illinois. 
The death of LaSalle and the loss of the New World by 
the French meant that many years must elapse before the 
tardy English settlers crept up the rivers from the South 
and settled in the rougher and more wooded sections first, 
before trying the prairies, long regarded as a menace to 
health and as areas of superstitious dread. When the 
Great Lakes began to contribute something more in the 
way of transportation a counter movement from the 
Northeast set in and development proceeded rapidly. 
To my knowledge there is no place where geographical 
influences on history are shown more clearly than in our 


own State. 


For special studies of various kinds and especially for 
agricultural production, certain counties were assigned 
to each member of the class, keeping the areas ag com- 
plete physiographically as possible. One important set 
of maps was made to show percent of improved land de- 
voted to the different crops. When completed, these shad- 
ed or colored maps show very emphatically the centrali- 
zation of corn in the northeast central part on the Wis- 
cousin Moraine, of wheat farther south and west, of oats 
in the corn area and a little to the north, of hay in the 
dairying regions, of rye on the sandy soil, ete. Distri- 
bution of farm animals, such as horses, mules, dairy and 
beef cattle, ete., formed the basis for other maps. This 
type of work, involving a certain amount of exact quan- 
titative ideas and considerable computation, is found to 
be remarkably instructive and effective. To know some of 
the possibilities and advantages of the use of statistics 
is one of the many requirements demanded of the Geo- 
grapher, be he professional or amateur. 
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Just how much attention to pay to soil study is a prob- 
lem I have not fully solved. Here is a study that ties 
into both the physical and the industrial. We made use 
of several soil maps of the State and of various counties 
and tried to relate these studies to the uses of the land 
in these same areas. 

Of course manufacturing and mining are both very 
important in Illinois and both received their share of 
time and attention, but the beef packing, the iron indus- 
tries and the coal mining received a lion’s share. 

As a special phase of the transportation problem each 
member of the class took some railroad for special econ- 
sideration, plotted main and branch lines on a base map 
and did what he could to study and report on such topics 
as terminals, cities en route, extensions outside the State, 
history, passenger and freight service, financial condi- 
tion and probable future. The history of canal and river 
transportation and the possibilities and advantages of 
revival discussed so much these days were given careful 
consideration. 

The city of Chicago should have its full share of time, 
not only on account of its size and rank, but also because 
of a series of curiously interesting conditions that have 
combined to make it important. Its remarkable physi- 
ography brought out so well in the model by Siebenthal, 
its relation to the Great Lakes and Great Plains, its re- 
lation to centers of population, area, and manufacturing, 
its rapid growth in spite of some local disadvantages, its 
history, present industrial expansion and future possibil- 
ities are topics each worthy of at least one lesson. We 
made a map of the State on which we indicated growth 
or decline of cities based on census figures of the last 
forty years. Many cities offered distinct problems, some 
of which were very difficult to solve. Hach member of 
the class made a special study of the cities in his area 
and we all paid particular attention to the study of the 
ten or twelve largest. 

The matter of distribution of population finds expres- 
sion in many other ways besides in the location, size and 
growth of cities. The general decline of rural popula- 
tion, especially in the good farm areas, the increase in 
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the size of farms, the distribution of negro and foreign 
born population can be made to appear in an almost start- 
ling manner when graphically expressed. For example, 
the massing of the negro population into Northern Indus- 
trial centers ig quite characteristic of our age, but on the 
other hand, the relatively high percentage of negroes in 
Massac and Pulaski Counties shows the older type of 
negro concentration of the South. The lack of negroes in 
the mountains is a negative expression of the same thing. 
In the northern counties the number of male negroes 
seems to be greater than the number of females. Per- 
haps this is but another illustration of the industrial 
colonization promulgated by the northern manufacturers 
during and since the civil war. 

Towards the close of the Quarter we spent some time 
comparing the problems of Illinois with those of some 
of our chief competitors and nearest neighbors. The fol- 
lowing problems of our State have distinct parallels in 
other states but vary greatly in their seriousness. 

1. Soil Erosion in Ozarks. Compare Kentucky. 

2. Great Coal Production and Reserves. Compare 
Pennsylvania. 

3. Conservation of Forests. Compare Wisconsin. 

4. Use of Cut-over Land. Compare Michigan. 

5. Influence of a very great City on a State. Com- 
pare New York. 

6. Live Stock and Dairy Problems. Compare Wis- 
consin and Iowa. 

7. Price of Land and Land Tenantry. Compare 
Iowa. 

8. Trend of Population from Country to City. Com- 
pare New England. 

9. The Negro Problem. Compare Missouri. 

10. Iron and Steel Industries. Compare Pennsylvan- 
ia and Ohio. 

11. Outlet from Lakes to Sea. Compare Wisconsin. 

12. Revival of River Trade. Compare many States. 

13. Good Roads. Compare any State. 

An almost endless list of such problems and projects 
could be considered and the outside comparisons help to 
fix the local conditions in mind. Because of the ease with 
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which statistics can be obtained for states we are all apt 
to overestimate the importance of a political boundary, 
especially when it consists in a river. 

The topics of State Government and Education have 
some place in the Geography of the State. 

This paper attempts to give only those suggestions that 
are easily possible and clearly practical for a college 
class. New material is being collected all the time and 
I hope I am learning to use what I have more and more 
effectively. My chief regret is that we were unable to do 
any field work as a class. The course was given in the 
Winter Quarter. Most of the pupils were, to my notion, 
overloaded with work. However, I believe that such field 
work could be made a very important part of such a 
course. Another line of application which I was unable 
to follow out was the application of Illinois Geography 
to literature. 

At the close of Branom’s Work Book on Illinois he sug 
gests that the pupils sing the Illinois State Song, as a 
sort of doxology, I suppose. We can hardly do that. I 
have suggested already some things that seem rather 
elementary for college classes, but before even a modest — 
structure can be raised a reasonably detailed foundation — 
of facts must be laid. We need to lay such a foundation 
for our State Geography study. The idea is that from 
this time forth the pupil is constantly to add to his fund 
of information, that he will be alert to know the facts 
about his state and apply them in his daily work, in the 
performance of his duty as a citizen and in hig contri- 
butions to society. It is with some such general aim 
rather than for some exact scientific object that this 
course of College grade in the Geography of Illinois has 
been planned and presented. 
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THE MINERAL RESOURCES OF THE REGION 
ABOUT LASALLE 


G. A. Buzzarp, Macnouia, 


The LaSalle Region, as used in this paper, includes an 
area which, in regard to certain mineral resources, ex- 
tends some distance beyond the city of LaSalle. This is 
particularly true with regard to coal. 

The mineral operations of the region under discussion 
are grouped in five classes: 

1. Coal Mining. 

2. Zine Smelting. 

3. Cement Manufacturing. 

4. Sand and glass manufacturing. 

5. Brick and Tile manufacturing (Clay products). 


1. Coal Mining. 


LaSalle is located near the northern margin of the 
coal field called by the state geological department, The 
Northern Illinois Coal Field (Bull. 16). It extends from 
LaSalle and Cherry, Bureau Co., on the north, to Roa- 
noke, Woodford Co., on the south; from Streator on the 
east, to a line extending from Seatonville, Bureau Co., 
through Granville, Putnam Co., and Toluca, Marshall 
Co., on the west. LaSalle and Bureau are the two leading 
counties in the field in producing coal. The coal mining 
industry in LaSalle County is centered principally in two 
sections, one district being in and near LaSalle, and the 
other in and around Streator. There are at present five 
shaft coal mines in LaSalle and Peru; the Streator dis- 
trict for many years, however, was the leading coal pro- 
ducing area for the Northern Illinois field. 

The first coal shaft was sunk in LaSalle in 1855 or 
1856, at the time when the Illinois Central Railroad was 
being built in the city. The building of this railroad of 
course gave impetus to coal mining and numerous shafts 
were sunk in and near the city. LaSalle County led all 
the counties of the state in coal production in the years 
1881, 1882 and 1887, though the amount of coal produced 
was only 624,900; 2,365,000, and 1,125,235 tons respec- 
tively for those years. Accurate statistics are not avail- 
able prior to that date. This leadership in coal produc- 
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tion resulted rather from the fact that the counties that 
are now the leaders in production had not started min- 
ing, rather than from the fact that LaSalle County pro- 
duced so much. The greatest amount of coal produced 
in the whole Northern Illinois Field was in 1913, when 
4,697,000 tons were mined. This seems rather insignifi- 
cant when compared with the 12,723,000 tons produced 
by Franklin County alone in 1921. In that year (1921) 
the Northern Field produced 2,041,000 tons and LaSalle 
County produced 614,000 tons. However, in the period 
from 1881 to 1921, the Northern Field produced a total 
of more than 118,000,000 tons, and this furnished fuel 
for developing a rather highly diversified and quite ¢: ex- 
tensive industrial area. 

As stated above, the immediate vicinity of LaSalle was 
a pioneer in coal mining on a commercial scale in the 
state. The relatively small production of coal in the 
field compared with that in other fields farther south in 
the state is due largely to the fact that the coal veins in 
the Northern Field are thin veins, averaging only 3 ft. 
8 inches, whereas in the fields farther south the veins 
vary from 5 to 10 feet or more in thickness, averaging - 
6 to 8 feet in many mines. It is much cheaper to mine 
coal from veins of this thickness than from thin veins; 
therefore the industry has shifted very largely to those 
newer and more profitable fields. The mines near La- 
Salle do not now supply enough coal to furnish the in- 
dustrial plants so that coal from the fields farther south 
in the state are shipped into the region. 


2. Zinc Smelting. 


There are two large zinc smelting plants located in La- 
Salle and Peru, and another at Depue, eleven miles west 
of LaSalle. The Matthiesen-Hegeler Company was the 
first to establish a zine smelting plant in the city. This 
was in 1858, a date nearly contemporaneous with the 
sinking of the first coal shaft in the region. The zine ore 
was brought from the mines in southwestern Wisconsin 
or northwestern Illinois in the early years of the smelt- 
ing industry in the region. As LaSalle is located on the 
northern edge of the Illinois Coal fields, it was the first 
place where the zine ore, being shipped east or south, 
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would meet the coal. As it requires about two and one 
half tons of coal to smelt one ton of the ore it was found 
cheaper to haul the ore to the coal than to haul the coal 
to the ore. 

In recent years the ore for these smelters has been 
brought largely from the zine mines in southwestern Mis- 
souri. Since the ore from that region would meet the 
coal, say of southern Illinois, more conveniently than at 
LaSalle it seems only reasonable that smelting in those 
fields will sometime displace the industry at LaSalle. 
The matter of an early start in the industry and the 
convenient location with regard to a market for the pro- 
duct are the advantages that still retain the industry 
in its present condition of prosperity. Of the ten zine 
smelters in the state in 1920, only three, the ones men- 
tioned above, are located in the north half of the state. 
The others are in coal mining centers farther south. The 
plants in the LaSalle region were located there as a re- 
sponse to the local coal supply. 


3. Cement Manufacturing. 


Of the five cement plants listed in the directory of Min- 
eral Operators in Illinois in 1920, four are located in or 
within five miles of the city of LaSalle. A plant for the 
manufacture of hydraulic cement is located at Utica, five- 
miles above LaSalle; two Portland cement plants are 
located at Oglesby, just across the river from LaSalle, 
and one Portland cement plant is located in LaSalle. 

The conditions for the manufacturing of cement are 
particularly favorable in the vicinity of LaSalle. Here 
are found the coal, the clay and the limestone, located 
in the order named, above the others. The clay and the 
limestone are the necessary raw materials for the mak- 
ing of the cement, and it is an advantage to have the 
coal in close proximity to the other materials. From 
Bailey’s Falls on the Big Vermilion river to the mouth 
of that river, the LaSalle limestone is exposed at the 
surface. Directly beneath it lie soft carboniferous clays, 
and still lower are seams of excellent coal. Portland 
cement is made from limestone and clay, which are 
ground, mixed in certain proportions and fired. In this 
industry, as in smelting, more fuel than raw material is 
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required. All these materials are bulky, so the industry 
can be carried on profitably only where limestone, clay 
and coal are found intimately associated. Near the river 
the limestone underlies a thin covering of earth, which 
can be stripped off with ease. The limestone has an aver- 
age thickness of 24 feet and is underlain by 16 feet of 
clay. The coal is mined by shafts adjoining the plants, 
though it has been found necessary to import some coal 
from other fields in the more recent years. 

The plants in LaSalle and Oglesby employ about 1800 
men, and produce more than 10,000,000 barrels of cement 
annually. The marvelous development of the industry 
has built the city of Portland or Oglesby, and stimulated 
the growth of LaSalle and Peru, for many of the men 
employed in the two plants in Oglesby live in Peru and 
LaSalle. This industry is much newer than the zinc 
smelting industry, and is still expanding extensively. 

4. Sand Products—Glass Manufacturing. 

Sand for many uses is mined at many places along the 
Illinois river, particularly in the vicinity of Ottawa. 
Glass manufacturing has become a great industry, first at 
Ottawa, and later at Streator. Much sand is mined 
cheaply at Ottawa by hydraulic methods. The glass sand 


‘industry has become important locally because, first, the 


St. Peter sandstone is soft, of even texture, and may be 
worked with ease, in many places with pick and shovel; 
second, the sand is of the highest quality for the manu- 
facturing of glass, being almost pure silica and free from 
loam; third, with one exception this is the only outcrop 
of this sandstone in the state which is used commercially ; 
fourth, the sandstone occurs in bluffs that are along the 
railroad lines in the Illinois valley, and is loaded directly 
from the pits into the cars. The glass manufacturing in- 
dustry in Ottawa has decreased in importance in recent 
years, due to the difficulty of getting good fuel. In Strea- 
tor, however, which has many coal shafts working, this 
industry is of great importance. Two plants which spe- 
cialize in the manufacture of milk bottles and a plant 
which manufactures plate glass and skylight glass employ 
a total of about 1,800 men in that city. The statement 
was made by a superintendent of a glass factory in 
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Streator to the effect that the Streator companies pro- 
duce 3,000,000 square feet of rolled plate glass annually, 
and that they furnish 80% of the skylight glass for the 
loop district in Chicago. 

The location in proximity to the coal, the excellent glass 
sand near by, and the location-of the city on excellent 
lines of transportation to Chicago are reasons for locat- 
ing successfully the glass manufacturing plants in Strea- 
tor. 


5. Clay Products—Brick and Tile. 

Plants for the manufacture of clay products, ranging 
from common drain tile to paving brick, pressed brick 
and fire brick, are found in numerous places in LaSalle 
County, Streator and Oglesby being the centers for more 
of these plants than other cities, though LaSalle has 
three plants. The plants in Streator are the largest in 
the region, have their own coal shafts on their premises, 
and make a variety of products, such as paving brick, 
fire brick or tile, as conditions warrant, each plant tend- 
ing to specialize in one of the products. The favorable 
location with regard to a fuel supply, with access to an 
excellent fire clay, and-the excellent transportation fa- 
cilities to Chicago are the factors most largely respon- 
sible for the development of the brick and tile manu- 
facturing industries of the region. 

In 1920, LaSalle County was credited by the Lilinois 
Mineral Operators’ Directory, with having 67 different 
producers of mineral products. Cook County alone of the 
other counties of the state equalled this number. Of 
these 67 producers, 21 are located within a radius of five 
miles of the city of LaSalle. It is doubtful if a similar 
area anywhere in the state can equal the area near La- 
Salle in variety of products and the value of the minerals 
produced. 
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OIL PRODUCTION IN ILLINOIS 
1) M. Stare GeoLocicaL Survey, UrBana 


Object of the paper: A review of past results and a 
consideration of the geological basis for guidance in 
future oil development.’ + 

The production of crude petroleum in Illinois for 1922 
was nearly 10,000,000 barrels. The peak of Illinois pro- 
duction occurred in 1908, when about 33,000,000 barrels 
were produced, giving Illinois third place among the 
states, with Oklahoma leading and California second. 
These latter have retained their relative prior positions, 
but newer gusher fields have been discovered in the south- 
western and western states, and Illinois has now dropped 
to eighth place. The decline curve for Illinois (Fig. 1) 
shows the trend of the annual production from 1905 to 
1922 for the whole State and from 1905 to 1918 for indi- 
vidual pools. The decline in 1922 over the previous year 
was about 6 per cent. The low decline rate is due in part 
to the long life of the average Illinois oil well. 

The main oil fields of Illinois are situated in the south- 
eastern part of the State in Edgar, Coles, Clark, Cumber- 
land, Crawford, Lawrence, and Wabash counties, in 
which the areal limits have been fairly well defined. 
Lesser amounts are produced in a number of small fields 
seattered over southwestern Illinois. These are mostly 
younger fields and are still being extended. The total 
actual producing acreage is only about 250 square miles, 
or the equivalent of about seven townships. This seems 
very small compared with the total area of the State. 
The smallness of the actual producing areas is significant 
and indicates the preeariousness of drilling a well just 
anywhere, even in a general area regarded as having 
probabilities. 

It is absolutely essential to use every guide from geol- 
ogy and from the study of production and drilling data 
in neighboring or similar areas so that the larger, prob- 


1Special acknowledgement is due to the State Geological Survey of 
Illinois for the information and records on which this paper is based, and 
to Miss H. Christensen in particular for her kind assistance in the compila- 
tion of data and preparation of the accompanying map. 
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Fig.1. Diagram showing rise and decline of oil production in Illinois, 1905- 
8, expressed in barrels of 42 gallons.a 
A. Total for State. D. Clark County Pool. G. Plymouth Pool. 
B. Crawford County Pool. E. Sandoval Pool. 
Lawrence County Pool. F. Carlyle Pool. 


a Statistics on oil production for individual pools are not available after 1918. 
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ably barren areas may be discarded and the oil well tests 
for new production be confined to the small areas of 
greater promise. Although the element of chance is 
more or less still present in drilljng these promising 
areas, ‘‘wildcatting’’, as it is called, can only thus be 
brought within the bounds of good business judgment. 

The annual decline of production has not been so rapid 
as the natural exhaustion of the older wells. New pro- 
duction has been obtained from time to time through 
proper development and prospecting. Outside the old 
fields new small pools have been discovered and de- 
veloped. Within the old fields drilling of both inside and 
edge wells has still brought in some additional produc- 
tion. Deepening existing or exhausted wells has resulted 
in some cases in finding other producing sands. Im- 
proved methods of recovery such as the use of the 
vacuum pump and in some cases the practice of return- 
ing compressed gas or air to the sands have helped also to 
keep up. production. 

It is not expected that there will be discovered in IIli- 
nois any further oil fields of sufficient magnitude to raise 
the total production above the present figure, but it is 
reasonable to expect, as will be seen later, that new pro- 
duction will be obtained from time to time which will in 
a great measure offset the decline due to the exhaustion 
of the older wells, many of which are now approaching 
the limit of economic life. It will be shown that the find- 
ing of further accumulations and the obtaining of higher 
yields from existing wells or fields can best be brought 
about by the proper use of geology. 

The results of the drilling done during 1922 show that 
in the older fields of the southeast 118 holes were drilled, 
of which 36 were dry and 82 were producing wells with 
a total reported flush production of 1300 barrels per day. 
These include a few rank wildeats which unfortunately 
are located often without the basis of reliable judgment. 
But the majority were drilled in development of inside 
acreage of light production and to determine the edge 
limits of the main producing fields. In the rest of the 
State 223 holes were drilled, of which 53 were dry, while 
170 were wells with a reported flush production of 4,590 
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barrels. These include development wells in and around 
the older producing small fields, but a large proportion 
represents wildcat drilling, some of it well advised, more 
of it ill advised, or lacking any basis but that of ‘‘hunch’’ 
or superstition, and some based on nothing but a scheme 
of the promoter to make some money. Fortunately these 
last two types are becoming scarcer. A summation of 
the above figures gives a total of 341 holes drilled in the 
State for the year; 89 were dry holes and 252 were wells 
bringing in a total flush reported production of 5,890 bar- 
rels. The dry holes are 25 per cent of the total wells 
drilled, or 35 per cent of the number of producing wells. 
There were 71 wells abandoned in the old fields that had 
reached the limit of their economic life at the prevailing 
price of crude oil. 


In estimating the economic success of the exploitation 
of crude oil production, it appears on the basis of these 
figures that against the value of the oil obtained must be 
charged not only the overhead, drilling equipment, and 
producing costs of the producing wells, but also an addi- 
tional 35 per cent of the drilling cost must be charged 
to take care of the dry holes drilled incident to the 
development. A rough estimate at prevailing prices of 
the value of the new production obtained during the year 
indicates that after deducting all development charges, 
the industry shows profitable returns. It is evident, how- 
ever, that the cost of drilling dry holes must be 
brought and maintained at a minimum by the utilization 
of all available information and experience that will en- 
able the best judgment to be used in the location of ex- 
ploratory drilling. This is one of the main functions of 
geology as applied to the oil industry. It is one of the 
objects of the State Geological Survey and of the geolo- 
gists working for oil interests in the State to localize de- 
velopment and to limit exploratory expenditures to areas 
where the chances of finding oil are greatest. Only by 
such guidance can the ratio of dry holes to producing 
wells be reduced to, and maintained at, a minimum while 
development of the oil reserves continues. 
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Correct judgment of the oil geologist must involve the 
following considerations, and their application in Illi- 
nois will be discussed briefly. 


REGIONAL STRUCTURE 


The bedded rock formations in Illinois, as far as the 
drill has reached, are composed mainly of shales, sand- 
stones, and limestones. These beds are so tilted and 
folded that in central Illinois they form a spoon-shaped 
basin, a gentle rise continuing out to the edges of the 
State with the exception of the eastern edge of the basin 
where the beds rise sharply forming an uplifted fold 
called the LaSalle anticline. This is the most pronounced 
uplift or folded structure in Illinois, and the main axis 
of the folding runs in a direction slightly east of south 
from the northwest of the State through LaSalle to the 
vicinity of St. Francisville near the Indiana boundary in 
the southeast with a general inclination or pitch to the 
south. In contrast to the dip or inclination of the beds, 
the rock surface in Illinois was more or less base leveled 
by erosion, and over this surface was deposited the gla- 
cial drift consisting of clay, silts, sands, and gravels, 
which at the present time cover the surface of most of 
Illinois. These late deposits are cut through by the pres- 
ent larger rivers and streams exposing the underlying 
rock, the out-crops of which afford a source of consid- 
erable information to the geologist. However, there are 
large areas where no outcrops can be seen, and the geolo- 
gist has to derive much of his knowledge of the subsur- 
face conditions from a study of the logs of wells and 
samples of the rock beds penetrated. 

The important relationships of oil to the structure 
or folding of the bedded rocks was first recognized 
by I. C. White and is known as the anticlinal theory 
of oil accumulation. In a general way this has been 
found to hold true for oil acenmulation in Tllinois, 
although oil geologists are recognizing other relation- 
ships which are applicable in certain circumstances, 
and in others modify the application of the anti- 
clinal theory. Thus we note (Figs. 2 and 3) the main 
oil fields developed along the axis of the LaSalle an- 
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ticlinal uplift in southeast Illinois. The producing area 
is subject to certain limitations toward the north, due 
partly to the pitch of the axis. Most of the oil producing 
horizons come up to the surface towards the north and 
have either been eroded or were never deposited. 

Other small anticlines or local folds or domes are 
known in the gently rising beds té the southwest and 
western parts of the State, some of which have proved 
productive. No production has been found in Illinois as 
yet that is not in some way connected with anticlinal 
structure or doming of the strata. 


SHALE CONDITIONS AND POSITION IN THE ROCK SECTION 


SHALE AS A SOURCE 


Oil is generally believed to have had its origin in shales 
containing certain kinds of organic material which have 
been converted by pressure and some heat to the hydro- 
carbon constituents of oil particles. These were collect- 
ed by the aid of circulating fluids and rock movements 
and accumulated in favorable traps in reservoir rocks. 

The presence of the necessary shales as a source 
either in juxtaposition to the reservoir rock or connected 
with it at some time by porous channels is one of the 
requisites to bear in mind when considering an area for 
possible oil accumulation. The exact nature of the shale 
necessary as a source, its history of sedimentation and 
subsequent alteration are subjects about which the oil 
geologist should know to enable him to apply more fully 
the science of geology to the economic problem of find- 
ing oil accumulations. It is hoped that the results of 
present studies of sedimentation, now being undertaken 
by some of the leading geologists, will be especially help- 
ful to the oil geologist. 

At present, however, ahead of actual drilling, certain 
areas can be considered as having very slight chance for 
oil when we know that the underlying or associated rock 
section does not contain adequate amounts of shale. 


TMPERVIOUS CAPPING OF RESERVOIR ROCKS 


Shale as an impervious medium overlying reservoir 
rocks has an important role in the accumulation of oil 
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in the tops of anticlinal folds and domes. In areas where 
the known dip or regional rise of the strata has brought 
a shale capping to the surface where it has been largely 
or entirely eroded, oil probably would not be retained in 
an immediately underlying porous rock. Any oil pre- 
viously accumulated would have escaped long ago dur- 
ing the preglacial erosion. This is applicable in Illinois 
on the northward extension of the LaSalle anticline due 
to the southward pitch of the axis, and also around the 
rim of the central structural basin in southern, western, 
and northern Illinois where the formations have been 
truncated by erosion. 


SAND AND RESERVOIR ROCKS 


Where the necessary capping shales in the rock sec- 
tion are present, the question of reservoir rocks should 
next be considered. The positions of most of these are 
known in the Illinois rock section. Structure and area 
of deposition or subsequent erosion will affect the num- 
ber of any such horizons that are present and can be 
penetrated by the drill at any given locality. The prob- 
able productivity of the sand, if it contains oil, com- 
pared with the cost of drilling necessary is also an im- 
portant consideration. The records of past drilling anil 
statistical information of oil production of the old fields 
in Illinois are particularly beneficial in this connection, 
although many operators have been very slow to realize 
the great importance of keeping and preserving good 
records. 

There are some lenticular porous sands in Illinois and 
other beds which grade from impervious to porous, both 
laterally and vertically. It is quite possible to find oil 
accumulation in areas of regional folding without the 
presence of complete local reversals, but for the same 
reason that oil accumulates gravitationally in the arch of 
an anticline, so oil in porous lenses with water sat- 
uration would be expected in the higher parts of 
the lenses. There have been cases of this kind in 
Illinois, notably in the Colmar-Plymouth field, and 
probably there are others awaiting discovery. It is 
impossible, however, to obtain any indication of the 
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presence or actual location of such local petroliferous 
lenses from surface observations on outcrops, or from 
the data supplied by former neighboring wells. But hori- 
zons containing such lenticular ‘‘sands’’ likely to occur 
in Illinois are fairly well known and in several localities 
supply an extra sand chance in addition to the regular 


sands or more prevalent porous horizons that have pro- 
duced oil. 


PRESENCE OF LOCAL FOLDS AND UNCONFORMITIES 


The stratigraphic position and the nature of the shale 
and reservoir rocks may be ideal, but in Illinois at least 
the oil accumulations are associated with anticlinal fold- 
ing or doming of the beds. This, then, is of vital import- 
ance in recommending the most likely places for oil tests. 
In addition to the extension of the old fields on the La- 
Salle-St. Francisville uplift there are many local minor 
structural anticlines and domes in the south and west 
parts of the State. The knowledge of the presence and 
location of these structures is one of the keys to the 
wise location of exploratory test wells. 

In Illinois, as elsewhere, there have been time intervals 
of erosion accompanied in some instances by some tilting 
or warping of the strata between successive depositions 
of sedimentary strata. The bedding of the overlying 
strata may not, then, conform exactly with the bedding 
or the eroded surface of the underlying formations. This 
sometimes results in favorable traps in reservoir rocks 
suitably capped or pinched in by impervious beds, but 
they can not be predicted directly from knowledge of the 
dip of the strata outcropping at the surface. The pres- 
ence of such unconformities at certain horizons is known, 
however, from other geological evidence, and their influ- 
ence on oil accumulation can be more or less evaluated 
by the oil geologist. 

The geological information that the oil geologist can 
bring to bear on the oil problems of Illinois can be ob- 
tained in part by studies and surveys of rock outcrops, 
but in very large measure it must be obtained through the 
study of subsurface records and samples of cuttings 
taken from drilling wells, The State Geological Survey 
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has available extensive information of this kind. Bul- 
letins are published frequently and cooperation is main- 
tained with those interested in oil development. Based 
on the study of the accumulated subsurface data and the 
original surveys and surface observations of the Survey, 
the accompanying map (Figs. 2 and 3) has been prepared 
to show in a general way the location of the various oil 
producing areas of Illinois, the localities where favorable 
structures exist, and the proportion of those outlined 
that have been tested and found productive. General in- 
ferences may be drawn as to the probabilities of finding 
further producing areas in Illinois and the general geo- 
graphic position of the areas of greater promise. 

Outside of the actual producing areas in Illinois, with 
which may be classed probable extensions, the remainder 
of the State can be divided approximately into provinces 
representing, according to our present knowledge, four 
different grades of merit as to the chance of finding com- 
mercial accumulations of oil: (1) best possibilities; (2) 
possible; (3) improbable; and (4) very improbable. The 
differentiation has been made largely on the basis of 
known or expected presence of favorable structure. 

(1) An area of best possibilities may be described 
as extending north from the common line of Cumber- 
Jand and Clark counties where the LaSalle anticlinal up- 
lift is developed into two folds, one axis continuing west 
of north through LaSalle County, while the other appears 
to run more directly north to Iroquois and Kankakee 
counties. The area north of the producing fields immed- 
iately along these axes has good possibilities where slight 
cross folding is present. In this same class should be in- 
cluded an area immediately west of the central struc- 
tural basin, running south from western McLean County, 
including the west portion of DeWitt and Macon counties, 
the east half of Logan and Sangamon counties, of Chris- 
tian, Montgomery, Macoupin, Madison, Bond, a west 
portion of Fayette and Marion, Clinton, most of Wash- 
ington, St. Clair, Randolph, Perry, Jackson counties, and 
possibly in the southern part of the State, parts of Frank- 
lin, Williamson, Saline, Gallatin, and portions of ad- 
joining counties to the south; and in addition, the area 
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im the west including the east half of Jersey, most of 
Greene, Scott, Brown, and Schuyler counties, with ad- 
joining parts of Cass, Morgan, Pike, and Adams, most 
of McDonough, with adjoining parts of Fulton, Knox, 
and Hancock counties. 

(2) The second grade considered ‘‘possible’’ should 
include the rest of the State not included in the two 
following grades. 

(3) The area considered ‘‘improbable’’ includes the 
central structural basin running south on the west of 
the LaSalle anticlinal uplift, including small parts of La- 
Salle, Marshall, Woodford, and Livingston, the central 
north and south portions of McLean, most of DeWitt, 
east half of Macon, Piatt, Moultrie, Shelby, west portions 
of Douglas, Coles, and Cumberland, Jasper, Effingham, 
east portion of Fayette, all but a western part of Marion, 
Clay, Richland, west part of Lawrence, Edwards, Wayne, 
most of Jefferson, Hamilton, and White counties, with 
adjoining portions of Saline and Gallatin counties. 

Another area of similar status is the trough or syn- 
cline between the two folds of the LaSalle uplift flanking 
the areas along the axes including parts of Ford, Cham- 
paign, Douglas, and Coles counties. Also the flank on 
the east of the uplift including parts of Iroquois, Ver- 
milion, Edgar, Clark, and Crawford counties should be 
included. 

In the general area in the northern part of the State 
where, due to the northward regional rise of the strata 
particularly along the axis of the pitching LaSalle up. 
lift, most of the formations containing oil horizons are 
not present. The so-called Trenton or Galena limestone 
and the underlying St. Peter sandstone outcrop here. 
Oil has never to our knowledge been obtained in com- 
mercial quantities from the St. Peter or underlying older 
formations. These contain few shales and apparently 
have not the requisite source or favorable conditions gov- 
erning accumulation of oil. The areas on the flanks of 
the anticline where no adequate capping exists for the 
outcropping Galena limestone should be included also 
in the improbable area. This includes most of Win- 
nebago, Boone, with adjoining portions of McHenry 
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and Stephenson, most of DeKalb with adjoining por- 
tions of Ogle, Lee, LaSalle, and Kendall counties on 
the east, and parts of JoDaviess, Carroll, Whiteside, Lee, 


_ and Bureau counties on the west of an area along the 


axis of the LaSalle uplift and other minor folds. 

(4) The central area last mentioned along the axis 
of the LaSalle uplift in the north of the State must be 
considered as very improbable, and is so graded because 
even the Trenton is absent here or very thin and no oil 
has ever been found geologically below it. This area 
includes the adjoining parts of JoDaviess, Stephenson, 
Carroll, and Ogle, the central part of Lee, and small parts 
of Bureau and LaSalle counties. 


THE ANALYSIS OF RESULTS OBTAINED IN TESTING THE AREA 
REGARDED AS HAVING BEST POSSIBILITIES PROJECTED 
AS A FORECAST FOR FUTURE SUCCESS 


The areas of the northward extension of the LaSalle 
anticlinal uplift have very few outcrops, and little or no 
testing has been done in the areas of greater promise. 
(Figs. 2 and 3.) Although these areas have potential 
possibilities of production from one or two horizons, no 
definite percentage of success to be expected in test drill- 
ing can be suggested. 

The results obtained in the remainder of the area of 
best possibilities are given in the following table: 
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By using percentages from the past results of ex 
ploration, we can estimate very roughly the amount of 
new local accumulations of oil that future exploration 
may be expected to find. 

In completing the thorough testing of the structures 
now defined and partially tested we may expect the 
equivalent of finding five new local producing structures. 

In the remainder of the area of best possibilities where 
regional structure and the number of sand chances dare 
similar to the areas that have been mapped in detail we 
may expect to find further structures in proportion to 
areal extent as already obtained in the studied areas 
as follows: 

(a) In areas where large scale mapping has already 
been done we may expect the equivalent of 24 further 
smaller structures of which about 12 may be expected to 
be productive. 

(b) In areas as yet altogether unmapped we may 
expect relatively the equivalent of about 29 local strue- 
tures, of which about 8 may be the proportion of those 
found productive. 


CONCLUSION 


To the 17 producing structures that we have today we 
may expect to add the equivalent of five more when all 
the structures now outlined have been tested thoroughly. 
It is also to be expected that about 50 other local folds 
or favorable structures may yet be found of which a pro- 
portion of something like 20 may be expected to be pre- 
ductive. This is slightly more than the number of pro- 
ducing small structures that we have had up to the 
present. 

It appears, therefore, that there are many local oil 
accumulations capable of supplying commercial produc- 
tion that yet await discovery in Illinois. The proper use 
of geology, both surface and subsurface, will insure the 
greatest efficiency in the exploration and development of 
these resources so that the industry may continue on a 
paying basis. Owing to the slowness with which sub- 
surface information comes to light the development of 
the potential reserves will extend over a number of years. 
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The new production being obtained from time to time 
will continue to offset partially the natural decline of the 
older wells, and serve to maintain the annual production 


of Illinois with a very low decline rate. 
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Fig. 2. Map of Illingis showing location of oil and gas fields, anticlinal 


axes and results of testing the anticlinal structures. 
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TIMBER PRESERVATION—A FORM OF FOREST 
CONSERVATION 


F. C. Bonannon, Gatessure ScHoou 


- Theodore Roosevelt and Clifford Pinchot did the peo- 
ple of the United States a great service by calling atten- 
tion to the problem of conservation of our forests. The 
Forester now has his work well organized and under 
way; it remains for the work of the timber engineer to be 
recognized by the public and for his methods generally 
to be adopted, to complete the program of conservation. 

Saving the supply of timber already grown is doubt- 
less as important as growing a new supply. U.S. Bul- 
letin of Agr. 112 is responsible for the statement that we 
are using 40 billion feet of lumber and 87 million hewed 
railroad ties annually, besides pulpwood and fuelwood. 
W. B. Greeley, chief of the U. S. Forest Service, urges 
preservative treatment of railroad ties, mine timbers, 
fence posts, telegraph poles, shingles and construction 
lumber. He endorses an estimate of 3,650,000,000 board 
feet as the annual saving by this method. The import- 
ance of saving becomes significant when we are told 
in the same bulletin that ‘‘We are taking about 26 bil- 
lion cubic feet of material out of our forests every year 
and growing about 6 billion feet in them’’. 

Our outgo in forest resources is more than our income. 
Bankruptcy of natural forest resources is inevitable un- 
less we face the situation and save what we have. First, 
we can produce more; every state has its program of 
forestation, but without hope of catching up to increas- 
ing demand in an economically active country. We are 
now using one half of the consumption of forest products 
of the entire world. Yet in the state of New York, as 
reported by its conservation commissioner, the number 
of wood-using factories including furniture factories, 
agricultural implements plants, and concerns using lum- 
ber in the form of plank had shrunk from 3,300 plants 
in 1913 to 2200 in 1900, 1100 industries having gone out 
of business in six years. 

We can use less timber; the older nations of the earth 
have reduced their consumption to a very low and stable 
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level; these countries are industrially stagnant; but in- 
dustrially active countries such as England and Germany 
are great wood consumers. We must not consume less at 
the expense of useful industries. We can substitute other 
materials for wood, such as cement for water-troughs 
and piling, steel for bridges, implement frames and 
tongues. Galesburg’s shale is being converted into pav- 
ing bricks which are taking the place of wood blocks in 
her own streets and in the main streets between here 
and Panama, where a large consignment of Galesburg 
brick was used. But with all the substitution, important 
as it is, the saving affected is estimated by W. B. Greeley 
at only 150,000,000 cubic feet or about one-half of one 
per cent of the drain upon lumber. We can, by preserva- 
tive treatment, effect the largest saving as indicated 
above. This saving of lumber is secured mainly along 
two lines, first by increasing the average life of timber 
four or five times, secondly by allowing the use of inferior 
woods, such as rapidly growing cotton wood, as railway 
cross ties in place of slower-growing relatively-important 
white oak. 


Preservation was secured in the old days by applying 
tar to the outside surface with a brush. Nowadays, the 
same material is utilized in the form of creosote oil, a 
coal tar product forced into the wood under pressure and 
at a high temperature and made to penetrate into the 
heart-wood of the tie or pile, thus lengthening the life of 
the timber which is equivalent to increasing the visible 
supply. The following treatments are used at the Bur- 
lington Tie Plant, Galesburg, Illinois: 

First: Straight Creosote 

Second: Card Process (zine chloride and creosote) 

Third: Burnettizing Process (zine chloride) 


Mr. J. R. Waterman, Superintendent of timber pres- 
ervation for the Burlington Road, recommends the first 
or creosoting process as being the most effective, but 
because of the lessened cost he recommends the card pro- 
cess, from an economical stand point. The relative 
merits of the above processes are submitted below from 
data compiled by Mr. Waterman, 
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One of the oldest examples of creosoting timber under 
conditions similar to the present practice is that of the 
New Orleans and North Eastern Railroad across Lake 
Pontchartrain, 5.82 miles in extent. The piling of yellow 
pine, having not less than 12 inches of heartwood at the 
head, were treated with from 10 to 12 pounds of creosote 
per cubic foot at a temperature of 175 degrees under a 
pressure of 150 pounds per square inch after steaming 
and vacuum treatment. A report of the Interstate Com- 
merce Commission Valuation Division Engineer in 1918 
makes the following comment, ‘‘A very remarkable state 
of preservation—The original timber in good condition 
and apparently carefully selected and well creosoted— 
Estimate remaining service life of this trestle thirty-five 
years’’, These pilings had already had a life of thirty- 


five years, making a total expected life of the trestle sev- 
enty years. 


In order to understand what has happened to the tie 
or pile when treated according to the specifications 
sketched above, a description of an up-to-date plant and 
processes used, follows. The main features of a modern 
wood preserving plant are, first, the ten or twelve huge 
cylinders, 6 or 7 feet in diameter and 120 feet to 140 feet 
long. These retorts are mounted on heavy concrete 
bases which are not continuous but allow more or less 
access below the retorts. There are doors at one or both 
ends, which, after the admission of timber to be treated, 
are closed by fifty large steel eye bolts. Tracks extend- 
ing from the storage yards approach the entrance to 
each retort, where a gap of about 8 feet is bridged by a 
movable car in a pit. This car bears a section of track, 
continued in a well at the bottom of the retort. When 
the door of the retort is to be opened, the carriage bear- 
ing a section of the track is removed, allowing it to swing 
open readily. The well contains pipe connections to tanks 
of treating fluids, air compressors, steam pipes, ete. The 
engine room, which contains all necessary pumps and 
generating machinery, is located in an adjoining room on 
re-enforced concrete foundations. One of the most in- 
teresting of its varied equipment is an elaborate system 
of automatic recording apparatus, a steam meter show- 
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ing steam consumed, thermometers, pressure gauges, and 
the like. By means of these ingenious devices a complete 
record of temperature and processes is made on circular 
dises from day to day and filed away for future refer- 
ence. (By courtesy of Mr. Shinn, Superintendent of the 
Galesburg plant, I am able to exhibit a card showing 
temperature and pressure record.) Adjacent to the main 
plant is to be found huge tanks having a capacity, in case 
of the Galesburg plant, of one half million gallons each. 
In addition, the Galesburg plant has a mixing tank into 
which creosote, zine chloride, ete. may be pumped in de- 
sired proportions. The treating fluids are obtained from 
standard dealers, such as The Tar-Via Company. Much 
of the creosote has been produced as a bi-product in 
Germany. 

Timber to be treated is seasoned by piling in the open 
for about one year. The ties are stacked cob-house fash- 
ion so that air will circulate freely and rain water will 
run off readily. No successful method of treating green 
timber has yet been devised. The tie is next placed on 
low cars or cradles in compact form so that the encireling 
hoops when packed full will fill approximately the bore of 
the retort. A series of the cradles are coupled together 
and drawn into the treating chamber by a wire cable, the 
power being supplied from winding a drum. The retort 
is closed, and steam is admitted for a period of one or 
more hours according to the size and nature of the mater- 
ial treated. This process effects an even distribution of 
moisture and ensures uniform drying, while excess water 
which accumulates is forced into outside tanks, since the 
pressure in the retort is greater than in the tanks. 

The second step in the treatment is the creation of a 
partial vacuum. This is a real drying process, as evap- 
oration goes on rapidly where a vacuum of twenty inches 
or more is maintained. The third step is the admission 
of creosote oil, at first without pressure: afterward the 
pressure is brought up to 175 pounds or more; later the 
oil is forced back to the working tanks from the retort by 
compressed air, the door is opened and the load drawn. 
The wood has absorbed about 12 pounds of creosote oil 
per cubic foot and has been made so heavy that it will 
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sink in water. How complete is the penetration of the 
fluid is shown in the cross section (Exhibit 1) of a pile 
which shows that every portion of the pile has been af- 
fected, with small areas at the side of the center showing 
less pronounced effect. 

The charge after being with-drawn is stacked in the 
open in the material yards until it is needed. Power der- 
ricks, which lift the entire content of a cradle, are used 
in loading and unloading ties. Where the loading of ties 
in a box car precludes the use of power, an ingenious trol- 
ley system facilitates the rapid loading by hand. 

The results obtained by Mr. Waterman in timber pres- 
ervation are set forth in his recent report to the officials 
of the Burlington Road, from which report the following 
conclusions are presented:—That there are two causes 
for the failure of ties, 1st., decay due to moisture, etc., 
2nd, failure due to mechanical causes. Since moisture is 
a great factor in decay, observations by the above author- 
ity show that ties last longer, other things being equal, 
west of Nebraska points than east. Observations of re- 
corded portions of track show that such woods as hickory, 
poplar, cottonwood, elm and red-oak compare favorably 
with white oak, as ties, when given preservative treat- 
ment, whereas the tendency of each of these woods to de- 
cay when in contact with damp soil is common knowledge. 
The accompanying chart (after F. S. Shinn, Superin- 
tendent of the Galesburg Plant) shows that, of 3200 zinc- 
treated ties, only 15% had been removed after 17 vears, 
while 26% yet remained in service after 22 years, where- 
as untreated ties are shown to last about 5 years, in case 
of white oak, and less time in case of the woods mentioned 
above. The preservative treatment, then, conserves both 
timber supply and replacement costs. 

An examination of the table appended will make ap- 
parent how inferior woods, by treatment, may be made 
to do the work of the more expensive and relatively- 
searce white oak ties. 

When treated by the most commonly used ecard pro- 
cess the following show that other woods compare favor- 
ably with similarly treated white oak ties, in serviceabil- 
ity, where under similar conditions, 8.8% of a number 
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of white oak ties were removed on account of decay and 
11.8% for other causes. There were removed: 


From decay. Other causes. 
Cottonwood ..........«..: 2.7% 15.5% 


11.3% 


Untreated, the score for the same woods is very poor in 
comparison with white oak. There were removed from 
trial sections of track after exposure; untreated 


From decay. Other causes. 


Poplar :..... 95.1% 3.71% 


| There follows a more complete report on these woods 


_ as ties subjected to identical usage in observed portions 
of track :— 


EAST. 
Percent 
Number Percent Other 
Process of Ties Removed Decay Causes 
10259 2003 5.9 13.6 
’ Burnettizing ......... 1584 526 19. 14.2 
2040 1963 88.9 7.3 
WEST. 
Straight Creosote..... 1117 107 7 8.8 3 
aR 4929 1099 5.9 16.4 4 
Burnettizing ......... 842 273 9.5 22.9 
1075 1033 89.4 6.9 
- ELM. 
597 56 2.5 6.8 
Burnettizing ......... 224 28 5.3 
112 112 93.8 6.2 
HICKORY. 
185 50 6 21 
2 Burnettizing ......... 16 0 0 0 
r Untreated ........... 65 65 92.3 7.7 


21 % 
30.1% 
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COTTON Woop. 
Percent 

7 Number Percent Other 

F Process of Ties Removed Decay Causes 
88 3 1.1 2.3 

296 54 2.7 15.5 

t Burnettizing 56 56 96.5 3.6 

RED OAK 

164 4 0 2.4 

777 111 3 11.3 
le Burnettizing ......... 159 35 6.3 15.8 
| Ba Untreated ........... 128 127 96.1 3.1 

POPLAR. 

50 2 0 4.1 
ite Burnettizing ......... 50 20 20. 20. 
iy Untreated ........... 81 80 95.1 3.71 
WHITE OAK 
136 28 8.8 11.8 
Burnettizing 15 3 6.7 13.3 
it Untreated ............ 39 28 61.5 10.3 
Data furnished by F. S. Shinn, Supervisor of Tie 
i i and J. H. Waterman, Supt. of Timber Preservation, C. B. & Q. R. R 
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MARENGO CAVE, MARENGO, INDIANA 


W. N. Speckman, CoLiece 


Marengo Cave is situated within the corporate limits 
of the town of Marengo, Crawford County, Indiana, on 
the Louisville, Evansville, and St. Louis Division of the 
Southern Railway, thirty-eight miles west of Louisville, 
Ky., and twelve miles north of the Ohio River. 

It is said to have been discovered accidentally by hunt- 
ers in pursuit of a rabbit which took refuge in a hole 
which led into the Cave. Others say that parents, missing 
their children while at play during the day, watched their 
disappearance into an opening in the ground which was 
found to descend gradually into the mouth of the Cave, 
the first room of which had furnished an excellent hiding- 
place and playroom for the children. 

The formation of the rock about Marengo is of lime- 
stone. A large limestone quarry has been opened on an- 
other side of the town adjoining the railroad track and 
a considerable quantity of material has already been re- 
moved. The existence of the Cave has been known but 
forty vears, having been: discovered in 1883. A writer 
says, ‘‘ Although this land has been the center of civiliza- 
tion for more than three fourths of a century, and a little 
town with its places of trade and shops of industry had 
existed for nearly half a century, yet not until the year 
1883 was it known that this grand work of Nature lay 
hidden beneath the surface here.’’ 

The hill under which the Cave lies is rolling and grad- 
ually elevated above the surrounding country. On its 
sides are outcroppings of limestone formation. The 
present entrance is near a beautiful grove about two 
hundred yards north of a sparkling stream which is 
fed by the water of two large springs in North Marengo. 
These springs issue from small caves in the sides of ele- 
vations. The one has a semi-circular entrance with slop- 
ing stone ceiling from which stalactitic formations de- 
pend and is in itself worth seeing. Quite a stream of 
water flows from it and plants grow at the entrance. 
The original entrance to Marengo Cave has been closed 
and another made, which descends at an angle of about 
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forty-five degrees and is some sixty feet in length. An 
upright door secured by a lock opens into a cemented arch 
covering the stairway. Lanterns and torches are used to 
light up the crimean darkness. On the sides of the stairs 
one finds cave crickets, hadaenuci subterranei, which are 
colorless and blind. The temperature of the Cave is 
noticeable especially on a hot day, remaining the same 
summer and winter, namely fifty-six degrees Fahrenheit. 

The interior consists of avenues, chambers, domes, and 
grottoes. Most of the walls, floors and ceilings are of 
limestone ornamented with formations in grotesque 
shapes. The floor of the greater portion of the Cave is 
dry; but where the most of the limestone formations are 
taking place, it is damp. At the foot of the stairs 
is Grand Entrance Hall, which leads into the por- 
tion of the Cave known as the Long Route. There 
are four grand divisions of the Cave called respect- 
ively, The Long Route, Washington Avenue, Western 
Avenue, and Crystal Palace. A_ picture cannot 
do justice to Crystal Palace with its stalactites and sta- 
lagmites. One must see it to appreciate it. Tourists 
consider it ‘‘the most beautiful of any natural under- 
ground room that has ever been discovered.’’ Crystal 
Palace is about twenty feet wide, forty feet high, 
and two hundred feet long. The whole Cave varies 
in width from ten to seventy-five feet, in height from 
eight to forty feet, and the total length of the chambers 
and passages is about three and one-half miles. 

The four divisions of the Cave are subdivided into halls 
which have been named, usually by visitors, for their 
resemblance to the original: Statue Hall, Congress Hall, 
Odd Fellows Hall, Mammoth Hall, Music Hall, and 
Klks Hall. Many of the beautiful formations have 
also been given names. The Vault in Cave Hill 
Cemetery is an interesting example. Others are 
Charleston Jail, Prison Cell, Statue of Liberty, Tower 
of Babel, Baby Elephant, Jumbo, Elephant’s Head, 
Diamond Dome, Leopard Ceiling, The Gods of 
Athens, Solomon’s Temple, Fish Market, Lovers’ Re- 
treat, Niagara Falls, and Mt. Vesuvius. The Railroad 
Crossing is a strange formation on the ceiling, consist- 
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ing of what seem to be parallel tracks. One of 
the most wonderful formations is that of the Pipe 
Organ. The Manager, who guided me through the 
labyrinthian passages of the Cave, struck several of the 
stalactites which resounded with musical tones. Other 
beautiful and curious stalagmites are Washington’s 
Monument and Washington’s Plume. 

In one part of the Cave beautiful stalagmites resem- 
bling bouquets of flowers or stalks of celery may be seen. 
To me they were the most wonderful of al! formations. 
The way in which calcium carbonate trickling from the 
ceiling forms crystalized stalactitic and beautiful stalag- 
mitic columns with glittering domes is certainly inter- 
esting, and the floral-like formations are exceedingly 
wonderful. The underground water of that locality 
contains much dissolved limestone. Upon seeping 
through the roof of the Cave it begins to evaporate, 
losing its carbonic acid, and limestone-is deposited 
on the ceiling around the edge of the drop of water. 
‘Other drops form below this one until a_ tubular 
pendant develops, which at first is hollow but later 
the opening is filled and successive layers are formed 
on the outside. When the stalactite thus formed 
reaches a certain stage, if the seepage is sufficient, the 
drops will fall to the floor and build up a stalagmite. 
These, meeting the pendants from the ceiling, form col- 
umns as shown in The Visitor’s Wonder or Haines’s Al- 
cove. The general yellow color of cave formations is 
caused by the presence of iron oxide. Most of those in 
Marengo Cave are translucent and some are almost snow 
white. 

Marengo Cave is one of Nature’s greatest works of art. 
It is a sight of beauty and of wonderful ornamentation 
that makes a lasting impression on the mind of the ob- 
server. J. 8. Diller in a Governmental Publication says: 
‘*All caves are not so beautifully ornamented. Mammoth 
Cave of Kentucky, although remarkable for its size, con- 
tains a very small amount of cave deposits such as are 
shown by the two illustrations,’’ referring to Luray Cave 
in Virginia and Marengo Cave in Indiana. A trip to 
Marengo Cave is well worth one’s time. The expenses 
while there are reasonable. 
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LAKE ABRAM, BEREA, OHIO 
W. N. Speckman, ELMuurst CoLLece 


Among the geological formations of the Berea, Ohio, 
Quadrangle, left at the close of the Glacial Period, is a 
depression just northeast of the village of Berea in Cuya- 
hoga County, which is filled with water and surrounded 
by muck lands. It is found at the top and near the mid- 
dle of the old bed of the Rocky River and is drained by 
Abram Creek into the present Rocky River. 

When the glacier passed over this region the old chan- 
nel of the river was filled up, with the exception of the 
places occupied by Lake Abram and other water-holes 
or depressions in the quadrangle known as Duck Pond, 
ete. A large disk of ice was probably left in the present 
location of Lake Abram which interfered with the filling- 
up process and, when melted, formed the original lake. 
On the recession of Lake Erie, which was compara- 
tively shallow in this vicinity, currents of water formed 
the sand ridges, found in this locality, out of the debris 
left by the glacier. In the water, bars were composed of 
the sand, gravel, stones and other material which now 
compose the ridges. 

The muck land about Lake Abram is at least 25 to 30 
feet deep. A fence board 16 feet long has been pushed 
down into it in some places without reaching the bottom. 
The muck runs out from the center to a shallow edge. The 
pond is gradually filling up with clay, ete., washed in by 
the intakes, from fields now plowed. Formerly the water 
was clear. When the bottom of the Lake is touched, it 
is found to be of pebbly boulder clay, and on the ledge 
in places underlying the muck is the original shore-line of 
the original lake. It consisted of a pond of clear 
water with a shore of white pebbles and sand. Next to 
the bottom are great quantities of marl, greenish in color 
and made from the shells of freshwater snails, clams, ete. 
There is a mar] bed under the whole country in the vicin- 
ity of Lake Abram. Years ago the Lake was three 
fourths of a mile in diameter and from two to three miles 
in circumference, being irregular in outline; now it is less 
than a mile around it. 
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The farms in the vicinity have been drained. For 
years the farmers had lawsuits pending against the Big 
Four Railroad Company, claiming that the tracks pre- 
vented the drains from carrying off the water. The rail- 
road company had built an arch under its tracks, which 
rests on oak timbers eighteen inches square that were 
sunk into the ground below the Lake outlet. As year by 
year the drains failed to carry off the water, the farmers 
blamed the railroad company, not realizing that when 
their land was drained the muck soil had shrunken and 
sunk below the level of the timbers, which are now ex- 
posed at the foot of the arch. The drain is consequently 
nearly four feet below the timbers, since the general level 
of the muck has sunk from four to six feet. The lake, 
however, is still at its former level, except that it is grad- 
ually filling up. 


Vegetation about Lake Abram consists of alders, elms, 
ashes, maples, pond-lilies, cat-tails, and mosses, which 
have formed the muck. The region to the north- 
east of Berea, although at present dry land, was 
a swamp in the recollection of the older citizens. 
Podunk Swamp, as it was called, extended to the 
present town of McKinley, about half the distance 
to Cleveland. The country was so low and wet that 
corduroy wagon roads were once in evidence. Heavy for- 
est timber extended along the Big Four tracks, and when 
the Railroad used wood for fuel in its locomotives, cord 
wood that the Company bought up was piled along the 
tracks for long distances. 


A few years ago a railroad line was surveyed to con- 
nect Youngstown, Cleveland, and Lorain. The plan was 
to make a fill at the northern end of Lake Abram. Thou- 
sands of yards of dirt were taken from lots in Berea and 
dumped upon the muck; but it soon sank in, forced it- 
self down, and disappeared beneath the surface, leaving 
a water-hole. As the dirt went down it crowded up the 
muck a distance away. Although quite an excavation 
still exists in Berea where the dirt was removed, no ef- 
fect was visible at Lake Abram and the project had to 
be abandoned. 
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An early story of old Lake Abram is told of a man 
who rode out to the lake and, after hitching his horse 
to a tree, commenced to converse with a friend, who af- 
ter a while asked him how he had come out. He replied: 
‘On horseback’’. ‘‘Where is your horse?’’ said his 
friend. On looking around he said he had tied him to 
yonder tree. The horse had disappeared beneath the sur- 
face of the earth. 
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ESSENTIALS OF A SAFE MILK SUPPLY IN 
CITIES OF FIVE THOUSAND AND UP- 
WARD IN ILLINOIS 


CuarENCE W. Kast, M. D., F. A. C. S., Inurvors Deparr- 
MENT oF Pusiic HeattH 


It is to be noted that the discussion does not turn upon 
the production of an ideal milk supply. An ideal milk 
supply would be one in which a clean milk is available 
within a few hours to every household. An ideal milk 
supply would involve cows scientifically cared for as to 
the hygiene of diet, personal health, range and housing. 
It would involve strict cleanliness of the animal and the 
milker. The milk must be cooled promptly, stored, 
transported, delivered and stored again so as to avoid 
contamination or a temperature favorable to bacterial 
growth. 


It is a pleasure to recognize that the items just men- 
tioned are receiving much attention and to some degree 
have become fixed in dairy practice. It is on the basis 
of the increasing attention to healthy and clean dairy 
animals, healthy and élean milk handlers and proper 
home storage that even a safe milk supply can be predi- 
cated. A safe milk supply is one which secures the 
proper pasteurization of good milk. Pasteurization does 
not imply the cooking of dirty and infected milk. War- 


fare must be kept up to secure all the results of a clean 
milk. 


But there are factors in milk production and distri- 
-bution which make necessary the proper pasteurization 
of all milk produced in quantity for distribution to com- 
munities of at least five thousand population and above. 
These factors are: 


1. Continuation of sources of contamination. 


Dairy barns, milkers and milk handlers do not provide 
for the same degree of cleanliness found in domestic 
food handling processes in the dwelling of the dairymen. 
The housewife has abundant facilities and a long tradi- 
tion for the cleanly production of foods; besides, she has 
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the cooking art as a constant ally: but the dairyman 
works with a living animal in a barn, and with a feeble 
tradition of personal cleanliness outside of the house and 
not always a robust personal tradition of cleanliness in 
the house. About the barn the dairyman is a barn and 
field worker; the provision in the barn of water supply, 
soap and towels approximates the barn level rather than 
the dwelling level. Though improvements are acknowl- 
edged, a barn will remain a barn for a long time to come. 


2. Infection of milk. For a good while to come milk 
will be exposed to sources of infection especially in the 
animal and the milker. Only a few herds are tuberculin 
tested, and most of the items of veterinary hygiene are 
scarcely dreamed of. As to the controlling of disease 
carriers among humans, we have hardly begun it. The 
average disease carrier of an enteric, a respiratory, a 
genito-urinary or a skin disease is not thought of as a 
carrier until after he has spread contagion for a life 
time; then his control is a very indifferent matter. Milk 
borne epidemics of disease are started usually by milk 
handlers in approximately good health. 


3. Cooling, storage and delivery of milk. 


A strictly fresh milk, even if produced in a clean man- 
ner, must be transported and stored, not reaching the 
consumer as a rule for twenty-four hours and upwards. 
There is always some bacterial life in any milk, either 
pathogenic or such as to change the milk materially in 
palatability and digestibility. Time and temperature are 
the factons for the increase of this bacterial life. Proper 
pasteurization only can defeat the effects of this con- 
tamination in a clean milk delivered to the consumer in 
the usual time. 


PASTEURIZATION NOT AN EXPERIMENTAL PROCEDURE 


In speaking confidently of pasteurization an experi- 
mental procedure is not being considered. The greater 
cities require it invariably. No unpasteurized milk is sold 
to the public in Chicago, New York or other large cities, 
but most of the smaller cities lag behind. Evanston on 
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the north side requires pasteurized milk; Cicero on the 
west side does not. The only down state cities in Illinois 
which have a milk ordinance requiring pasteurization of 
milk at all are Savanna, Decatur, Pontiac, El Paso and 
Staunton. Such cities as Peoria, East St. Louis, Joliet, 
Rockford, Galesburg and practically all the rest do not 
require a safe milk supply. 


This constitutes one of the greatest public health 
causes in our State at the present time. We may ex- 
pect morbidity and mortality rates in cities not safe- 
guarding their milk supply to exceed those which do. 
Milk borne epidemics will be in proportion to the proper 
pasteurization of the milk supply of a community. 


TREATMENT OF LEPROSY 
By Dr. Artuur Stittiams, NortHWESTERN UNIVERSITY 


(The above paper has been published in ‘‘ Medical Insur- 
ance, Combining Practical Medicine and Surgery.’’ 


Vol. XX:XTX, page 141.) 
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A PRELIMINARY REPORT ON A SANITARY SUR- 
VEY OF GALESBURG, ILLINOIS 


Devenny anp Grorce W. Hunter, 
Kwox 


The object of this sanitary survey is to determine 
general sanitary conditions in the city of Galesburg and 
to make specific recommendations for the betterment 
of the same. 

Location. Galesburg, the county seat of Knox County, 
lies on a high prairie in the upper Illinois glaciation, on 
the crest of the water-shed between the Illinois and Mis- 
sissippi rivers. It is 165 miles southwest of Chicago 
and about 50 miles east of the Mississippi river. It is a 
large railroad center, an important division point of the 
C. B. and Q. railroad, has large shipping and switching 
yards, employing in normal times over 3000 employees, 
some 25 manufacturing plants and two flourishing col- 
leges. Its area has a total of about 5,760 acres. It isa 
well treed city, has 38 miles of paved streets, and about 
60 miles of water mains and sewers. It has four parks 
containing over 200 acres, and there are in its environs 
several small artificial lakes which give a surface water 
supply for the railroads and some factories. 

Topography. Galesburg lies in an upland prairie dis- 
trict; the soil is mostly brown silt loam, sprinkled here 
and there, particularly in the southeastern part of the 
city, with light clay loam and in the eastern part with 
yellow silt loam. The valley of Cedar Fork, an open 
sewer which flows through the town, is a deep glaciated 
deposit, byt in most parts of the city the drainage is poor 
because of the impervious clay subsoil. The surround- 
ing region is rolling prairie, but there is very slight drain- 
age for the city sewage. 

Climate. Galesburg climate is favorable to health. 
It meets Huntington’s requirements in that it has rather 
sudden changes and great extremes in temperature. The 
mean temperature in summer is about 79 degrees Fahren- 
heit and in winter about 40 degrees Fahrenheit. 

Population. At the last census the population was 
27,696, the greatest percentage being American born, al- 
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though the Swedish population is quite large. There 
are also many negroes, mostly in the southwest part of 
town, some Irish and Germans, a few Italians, fewer 
Slavs, and a small colony of Mexicans, most of whom are 
employed hy the railroads. 

Water Supply. Galesburg is well supplied from the 
St. Peters and Potsdam sandstones. There are three 
wells in use ranging from 1,245 to 2,240 feet in depth. 
The city pumping plant contains seven pumps, five of 
which are emergency pumps. There is in connection with 
the pumping station a reservoir of about 6,500,000 gal- 
lons capacity with a daily consumption at the present 
time of about 1,250,000 gallons. The reservoir itself is 
in need of more adequate protection against pollution, 
and better fencing should be used to keep trespassers 
off the premises. During the summer months, the water 
receives copper sulphate treatment for algal growths 
and is tested each week by the state bacteriological offi- 
cers. 

Milk Supply. The milk supply is not so adequately 
protected. In the first place there is no adequate super- 
vision by the city authorities of either dairy herds or 
dairies. The state inspection of dairy cattle is not 
checked up by the city health authorities and in conse- 
quence some milk from tubercular cattle sifts into the 
city milk supply. Some of the dairies are sanitary and 
would comply with a moderate grade of inspection, but 
several of them are notoriously dirty. Pasteurization 
is made by some dairymen, while others supply raw milk. 
Tests made at the laboratory of Knox College of several 
different milk supplies revealed usually a high butter 
content but also a high bacterial count. There is need 
of this city adopting the standard Pasteurization re- 
quirement now being adopted by many cities of the state, 
but this requirement would be inadequate with the pres- 
ent health machinery of the city. 

Protection of Health. At the present time the city of 
Galesburg has no adequate health department capable 
of maintaining health standards. There are on the stat- 
ute books many model sanitary statutes although no sani- 
tary code as such has been compiled. There is, however, 


/ 


406 ILLINOIS STATE ACADEMY OF SCIENCE 


no machinery capable of carrying out their statutes. The 
amount of money spent, for example, by the water de- 
partment of the city of Galesburg, according to the 1921 
tax levy order, is $3.19 per capita. The fire department 
spent $1.158 per capita. The police department spent 
.976 per capita. The health department, which consists 
of the mayor, a health commissioner and a city physi- 
cian, spends only .177 per capita. In a comparison with 
a number of other cities of the same size in the United 
States, Galesburg stands at the foot of the list in the 
amount of money spent for health protection. Fortu- 
nately for the city there are a number of health organi- 
zations, such as the Red Cross, a Visiting Nurse Asso- 
ciation, a Day Nursery, The Associated Charities, The 
Free Kindergarten and the Salvation Army, all of whom 
aid indirectly in maintaining the health of the city. Two 
school nurses are provided also by the Board of Educa- 
tion. The city of Galesburg should change its present 
method of health expenditure and obtain the services of 
a full time health officer who would have jurisdiction 
over milk and food supplies as well as public health sta- 
tistics and other health matters. 

Sewage Disposal. Galesburg has been criticised as a 
city with an open sewer. No time will be spent here in 
discussing this situation, as an adequate report has been 
made by Paul Hansen in his article entitled ‘‘The Pol- 
lution of Cedar Creek by Galesburg’’, pages 196-224, Uni- 
versity of Illinois Bulletin, Vol. 13, number 19, Jan. 10th, 
1916. 

Garbage and Refuse Disposal. The city of Galesburg 
possesses an incinerator which is capable of burning 
about 25 tons of garbage daily. At the present time this 
incinerator, which is located within the city limits, is do- 
ing its work in a manner offensive to the people of the 
neighborhood. The garbage collection is also inadequate- 
ly taken care of, some parts of the city in particular re- 
ceiving extremely poor service. The garbage disposal 
force should be increased and the incinerator either be 
moved to a location outside the city limits or some smoke- 
consuming device should be installed which would pre- 
vent the odors now being given out. 
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Ashes are not collected by the city. In most cases they 
remain on the premises during the winter and are col- 
lected and dumped during the spring. 

Food Inspection. So far as can be learned little or no 
attention is given by local health authorities to inspection 
of foods or manufacturing plants in which foods are 
handled. Some manufacturies and slaughter houses are 
in need of attention by the proper authorities. A full 
time health officer would remedy this condition. 

Housing. The housing conditions have been particu- 
larly the object of investigation by the classes in public 
health in Knox College for the past three years. In the 
survey to date 327 out of a total of 506 city blocks have 
been surveyed; 65% intensively and satisfactorily. In 
the surveyed area there are a total of 3,239 houses. Of 
these 12.1% are brick; 87.9% are frame; 52% are classi- 
fied as being in good condition; 24.7% in fair condition 
and 23.3% in poor condition. Turning to the sanitary 
conditions of the environment we find that there are in 
this area 395 localities where there were rubbish heaps, 
containing either ashes, manure, or materials capable of 
holding water. There were in the total area surveyed 
1,828 privies and 1,854 wells, an average which means 
a well and a privy for every third house. Of the total 
number given 67% of the wells were within 100 feet of a 
privy, and 42% of both wells and privies were in use. 

In this connection it is striking to note that the seventh 
ward, which is located in the extreme southeast part of 
the town and contains one of the two colleges of the town, 
is found to contain the most wells and privies. This and 
certain other similar wards are the ones that are served 
least adequately by sewers and water mains. It is stated 
also by physicians of the city that the typhoid outbreaks, 
which occurred in the years 1910, 1911, 1918, and 1919, 
were traced in most cases to the areas having the most 
wells and privies. 


THE INTENSIVE SURVEY 


General Housing Conditions. Galesburg has within 
its relatively small limits sanitary conditions of both 
extremes. The best residential district is found in the 
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third ward, or those blocks north of North Street and east 
of Broad. There excellent housing conditions prevail 
and the environment is good. There are smaller areas 
scattered around in the southeast and west parts that 
are good also, but there are no very large areas that do 
not have insanitary and poor housing conditions scat- 
tered through them. 

Cedar Fork. The greatest potential source of danger 
to the city is Cedar Fork, the open sewer which runs 
diagonally through the center of the city. It and its trib- 
utaries form an environment in which are found some 
of the poorest and filthiest areas of the city. This creek 
has slight natural current, and the sewage wastes of al- 
most the entire city are emptied undiluted into this creek 
through 30 large sewers. Samples of water tested 
showed the presence of the colon bacillus and over 250,000 
colonies of bacteria to the cubic centimeter. Besides 
these sewers there are two large tributaries which con- 
tribute their waste to the main stream. One enters the 
stream at Holton Street and carries the wastes from the 
Standard Oil pumping station in the southwest part of 
the city. The banks of this stream are used as a dump- 
ing ground for refuse and garbage. The other branch is 
called Silver Creek and enters the main stream at West 
Street. There is almost no current in this stream and 
there is a filthy seum on its surface. The stream lies in 
the region of the poorest section of the city, and on the 
banks are wells, privies, manure heaps, and dilapidated 
structures used as homes for negroes and the poorest 
white people. About half a block up stream from the 
entrance of Silver Creek is another sewer that discharges 
daily about 8,000 gallons of the black oily gas house 
wastes into the stream. In the summer when the wind 
is in the right direction, the odor from the stream can be 
noticed for long distances from Cedar Fork, while peo- 
ple living on its banks find it almost unbearable. In 
times of drought the lowered stream leaves a sludge 
along the banks open to flies, dogs and smal! children. 

Weils and Privies. Another great problem for Gales- 
burg is that of the wells and privies. In an area of 30 
blocks in the 7th ward, there were 248 houses and 245 
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privies, meaning a privy for almost every house in that 
territory, and there were 236 wells within 100 feet of the 
privy. There are a negligable number of privies ade- 
quately protected and sereened. In the region of Silver 
Creek, some of the filthiest privies are used by both 
whites and negroes, and many of these privies are within 
25 feet of the stream. There is a decided indication of 
infection of the drinking water in such districts. In 1918 
there were 32 cases of typhoid fever; in 1919, 46 cases; 
and most of these cases were found in the seventh ward, 
an area where there is an inadequate city water supply. 
Within 25 feet of Silver Creek is a well used by three 
families for drinking water. Two ladies, living at the 
foot of the slope to Silver Creek, complained of ‘‘being 
ailing all winter’’. It was found that all their drinking 
water came from a shallow well at the foot of the slope 
on which there were a number of houses and privies. 
Three wells taken at random in this region were tested 
and found to show the presence of the colon bacillus. 

Rubbish and Garbage. In the main business district 
of the city the alleys are in a deplorable condition. One, 
which lies back of some very sanitary appearing food 
stores, extends east from Seminary Street, and is full 
of refuse and debris. No garbage cans are used, and the 
decaying food and vegetables are thrown out to the flies 
and rodents. A privy was moved recently but the vault 
was not cleaned out and an old box was thrown over the 
contents. The alley south of the Main Street business 
houses, between Prairie and Kellogg Streets, is filled with 
ashes, garbage, boxes and other refuse. On north West 
Street, near Silver Creek, are several barns beside which 
the manure is piled nearly ‘as high as the buildings. A 
block from Cedar Fork is a large horse and mule ex- 
change from which the manure is not hauled daily. The 
exchange is not screened. There is opportunity here for 
the breeding of flies on a large scale which could have 
easy access to the open sewer not a block away, and this 
might result in an epidemic of flyborn disease. 

On the corner of Seminary and Simmonds Streets, at 

the rear of a large and well equipped grocery store, is a 
- fenced-in area where garbage and rubbish are thrown, 
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but the white latticework fence can hide neither the sight 
nor the odor from the passerby. In a number of cases 
the garbage from private homes is thrown out to the 
chickens, and in the summer the decaying food causes 
a very offensive odor. In a section of the southeast side 
the garbage cans were full and overflowing, owing to the 
fact that the city had not collected for several weeks. 
Numerous calls to the health department had not re- 
lieved the situation. In the extreme south part of the 
city there was an even worse condition. At several 
houses visited the garbage was ‘‘just thrown out the 
front door’’. 

Housing. There is very little overcrowding, and tene- 
ment houses are unknown in Galesburg, yet there are a 
large number of extremely poor houses. These are es- 
pecially numerous in the Silver Creek and Cedar Fork 
areas. In the southeastern parts the houses are small 
but in good repair; they are quite sanitary except for 
the large number of wells and privies. In the south- 
western part of town, south of Monmouth Boulevard and 
west of the C. B. and Q. yards is a large negro district, 
marked by small houses filled with large families. The 
houses lack paint and need repair. While some of these 
show thrift and cleanliness, others indicate shiftlessness 
and insanitation. This area is not adequately supplied 
with sewers and water mains, as shown by the large num- 
ber of wells and privies found there. On east South 
Street is a large frame house of eleven rooms in which 
are living thirteen people, mostly foreigners. This a 
very dilapidated structure and should be condemned, for 
the foundation is crumbling, making the place dangerous 


- to its occupants. There are several open garbage cans 


and a well and privy at the rear. Back of stores on the 
east side of Seminary Street, a block from Main Street, 
is an old house used for cheap lodgings. The floors are 
filthy and the walls and bedding are vermin infested, 
while near the back door ig a shallow well and within 
a few feet is a large open privy. 

Food Stores. The main food stores in the center of the 
city are for the most part sanitary and in good condition, 
although there are a few which are not as clean as they 
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should be. For example, in one on the south side of 
Simmonds Street between Prairie and Kellogg Streets. 
the kitchen was very dirty and the employees were not 
clean. The greatest trouble with the food stores is found 
in the small grocery and ice cream parlors which abound 
outside the district. There are at least a dozen of these 
located near the open sewers of the town, close enough 
to receive their share of flyborn disease from these 
sources. It sometimes appears as if the dirtiest and 
most insanitary districts were picked for the location of 
these small stores. One is placed on the bank of Cedar 
Fork at West Street, one on the bank of Silver Creek 
at North Street, one on the bank of another tributary 
at Academy Street and a fourth on the bank of Silver 
Creek at West and Locey. 

Streets. There seems to be little regard for cleanli- 
ness and sanitary rules at any of these places. There are 
also some very small and crowded stores and eating 
places at the southwest corner of the public square which 
are operated by colored people, and the rear parts of the 
store and the upstairs parts are used as living rooms. 
Recent raids have proven the existence of dope dives 
here. This locality should be cleaned up, both physically 
and morally. 

Recommendations. It is evident from the special evi- 
dence just cited in the above paragraphs that in addition 
to the establishment of an adequate health department 
the sewer and water supply should be extended into such 
parts of the city as do not have service at the present 
time, and that above all a Sanitary District should be 
established to take care of Cedar Creek and Silver Creek 
sewage. 

The writers of this preliminary survey wish to thank 
the members of the public health classes of Knox College 
for the privilege of using first hand materials gathered 
by them, and wish to express their thanks to Prof. G. W. 


Hunter of Knox College for his suggestions and direc- 
tion, 


412 ILLINOIS STATE ACADEMY OF SCIENCE 


HEART DISEASE AS A PUBLIC HEALTH 
PROBLEM 


Dr. Stpney Strauss, Secretary, Cu1caco ASSOCIATION FOR 
THE PREVENTION AND Reuier or Heart Diseases 


It is no news to you to say that Heart Disease exists 
everywhere; undoubtedly all of you have instances in 
your own family. Nor does the mere existence of heart 
disease make it a public health problem. To become a 
problem for the public, it must be demonstrated that the 
public will be benefited by a concerted effort for the con- 
trol of this disease and that a concerted effort of all con- 
cerned, doctors, social workers, hospital and dispensary 
boards and the public is necessary for its control. 

While numbers alone do not make any disease a pub- 
lis health problem, before it does become such a 
problem the incidence of the disease must be so great 
that it has grown beyond the reach of the few actively 
engaged in combating it. There is no doubt that we do 
not need an organization for the control of every disease 
known to man, for instance such a disease as pernicious 
anaemia, which the doctors and nurses can take care of 
very well. It is different, however, with heart disease, 
which in its various forms causes more deaths yearly 
than any other one disease and which causes as much or 
more sickness and disability than any other ailment. This 
includes pneumonia, cancer and tuberculosis, against 
which much good has been done by adequate organiza- 
tion. It has been shown by reliable statistics that di- 
seases of the heart cause 14 of all deaths of all ages and 
1/5 of all deaths beyond the age of forty; but, striking as 
these statistics are, this is not the most important fact 
which concerns the public. From examinations for the 
draft and adequate examination of school children in New 
York City it has been shown that about 2 per cent of 
children and young adults have heart disease. Kxamina- 
tions by life insurance companies show about the same 
percentage. That is to say, in a city of three million 
inhabitants there are about sixty thousand who have 
heart disease. You may say—‘‘ Well! What of it? Let 
the doctors take care of them!’’ But there is more to it 
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than that. This great number cannot properly be taken 
care of without the aid of the public, and, under present 
management, the number is increasing. This means not 
only great and perhaps unnecessary suffering to the in- 
dividual but a great economic loss to the public. Dr. 
Halsey has conservatively figured that each cardiae pa- 
tient admitted to a hospital costs the community $200.00, 
$100.00 for care and $100.00 from loss of work. In the 
cardiac clinics in New York in 1922, there were 4,000 un- 
der treatment, which would mean a loss of 8 million dol- 
lars from this source alone. When you consider that a 
large number of heart patients, if not properly managed 
break down and have to enter a hospital repeatedly dur- 
ing a year, you can see what an enormous loss to the 
community this one disease is. From this one stand 
point alone, heart disease is certainly a public health 
problem. 

This is not, you can well imagine, the reason why the 
doctors, nurses and social workers, who are constantly 
dealing with those handicapped by heart disease, decided 
that they needed help. Every one who is in any way 
connected with public hospitals knows that the heart 
cases fill the wards; not only because there are so many 
but because the same patient returns time after time with 
his heart broken down, until the final break-down comes. 
It was this fact that induced Dr. Hubert V. Guile to start 
a cardiac class at the Bellevue Hospital in 1911, to see 
if he could not prevent some of these returns. His re- 
sults were brilliant, and others rapidly followed his ex- 
ample so that now there are 38 such classes in New York, 
seven or more in Chicago and many in other cities. 

With the establishment of these classes or ‘‘cardiac 
elinies’’ as they are called, it was soon found that, though 
much could be done by the clinies, in order to get the 
best results for the patient many other agencies were 
needed. Some of these agencies perhaps existed, many 
of them needed to be enlarged and many other social 
organizations needed to be formed. It was thought that 
the entire problem could be handled best by associating 
all these organizations, and in 1915 the Association for 
the Prevention and Relief of Heart Disease was formed 
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in New York City. The war interfered somewhat with 
the progress of this organization, but following the war 
it grew rapidly and within the last few years organi- 
zations have been started in various cities of the country. 
Our Chicago organization was launched in April, 1922. 
In June of that year a meeting of the men from several 
cities of the country was held in St. Louis under the 
initiative of the New York association, and it was de- 
cided to form a rather loose union of all the organiza- 
tions existing or that might come into existence in this 
country. 

The purposes of these organizations are, first, educa- 
tion of the public; second, coordination of all organiza- 
tions in a community which deal in any way with the 
problem of heart disease and aid in establishment of 
such new organizations as are needed; third, promotion 
of research in the problem of heart disease, especially 
as it relates to public health and the gathering of ade- 
quate statistics. 

The question which you now ask is: Are such organi- 
zations needed and have those which have already been 
formed justified themselves? It has been stated above 
that in so far as numbers are concerned, the heart prob- 
lem offers food for thought to any community, and more 
especially to the larger ones in which the laboring class 
makes a good body of the population. It remains to be 
seen whether this problem has or has not been handled 
properly without such organizations. 

Let us go back to the time when patients suffering 
from heart disease were treated exclusively in the gen- 
eral dispensary. The patient came to the out-patient 
department, was examined, was given instructions per- 
haps and digitalis or other medicine if needed. Among 
the instructions might be included the recommendation 
to stop work and rest for a month or so and often to 
change the occupation. I well remember having a strap- 
ping, healthy looking teamster come to me for examina- 
tion shortly after his discharge from the hospital. He 
had had a breaking down of his heart secondary to a 
valvular lesion; his heart had compensated fairly well 
with rest and he was sent to the dispensary for further 
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care. He looked well and strong, he was young, only 
thirty-five, and had a family whom he wished to support. 
He didn’t want charity. My recommendation that he 
should rest and change his occupation wasn’t worth any- 
thing. We had no convalescent home to which to send 
him, and we had no vocational school or employment 
bureau’ for the handicapped, in which he could learn a 
new trade and get adequate employment in that trade. 
The result was that after a few months, during which 
he followed his old trade, he was in the hospital again 
with a broken down heart. This continued for several 
years until his death. Such cases as this one is what 
brought about the formation of cardiac clinics and with 
this, when case after case such as the above were exam- 
ined, such problems as the above were encountered re- 
peatedly and it was: found that cardiac clinics alone 
could not do the work. All organizations and agencies 
having to do with heart disease were needed, and above 
all the public had to be educated so that the proper or- 
ganizations could be formed. 

In Chicago I am better acquainted, our organization 
is in its infancy, our needs are great; hence I shall de- 
scribe the situation there. The Cardiac Section of the 
Illinois Conference of Social Workers, with Miss Schoen- 
feld as chairman, recently made a study of the heart 
cases under care at the hospitals and dispensaries in 
Chicago for a period of two months. Among other strik- 
ing things it was found that out of 344 hospital cases, 
194 of which were adults, 88 were laborers, that only five 
of this number were reported at cardiac clinics after 
discharge from the hospital and that only eleven were 
sent to convalescent homes. 46 out of 194 returned to the 
hospital again broken down within this period. 

I cite this small number of cases because they demon- 
strate better than anything I can say the needs of Chi- 
cago for its cardiac sufferers. 

We have in Chicago at this time seven or more cardiac 
clinics for adults and children—some excellently 
equipped, some not so completely. The first need of any 
special clinic, especially a cardiac clinic, is an adequate 
social service department. In order to do anything with 
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out-patients, one must first know home conditions and 
adjust them to the needs of the patient, be that patient 
mother, father or child. In adjusting home conditions 
we come in contact with the schools, with day nurseries, 
homes for the friendless, with the employer, with the 
employment bureaus, with the Relief and Aid Societies, 
with practical housekeepers, in fact all agencies’ which 
have to do with social re-adjustment. The social worker 
makes these contacts; but suppose there is no contact 
to make, and suppose each social worker tries to work 
the problem out alone. There is no need for me to re- 
peat that ‘‘In union there is strength’’. The first eall 
then for our Association is the co-ordination of all the 
agencies concerned, and especially the union of all the 
cardiac clinics, including the social workers. It is in the 
cardiac clinics that the needs for other agencies first be- 
came manifest and it is by a union of the cardiac clinics 
and the existing organizations that these needs can be 
brought before the publie and eventually fulfilled. 

Our Chicago Association is, as I have said, young. 
Our first step after procuring an executive secretary was 
to find out what ayencies we alreaty had in Chicago that 
could help us in our fight against heart disease. We 
knew that very few agencies were known; we are now 
convinced that very few agencies exist in Chicago. Why 
were only eleven out of the 344 discharges sent to con- 
valescent homes? Chiefly because there are in the whole 
State of Illinois only 242 year round convalescent béds 
for all conditions. Does that bring home the need? Why 
did only five cases ont of the 344 report at the existing 
cardiac clinics? The chief reason (there are many oth- 
ers) is that there are too few social workers to follow 
them up and see that they return; there would be more 
workers available for those who could be helped if we 
had some place to send and eare for those who cannot 
be helped, in other words a hospital for chronies, or bet- 
ter a hospital for Heart Disease. 

When we started our association, every one of us rea- 
lized that a perplexing problem was the employment of 
the cardiac and we hoped to co-operate with the Bureau 
for the Handicapped. But there is no longer any Bureau 
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for the Handicapped, and it is up to us to arrange for 
the proper employment and for vocational training when 
needed for our own cases. The Illinois State Employment 
Bureau has a handicapped department with which we can 
co-operate at present. A majority of cardiacs can work 
and they can work steadily if they have the proper job 
or office. In this line more can be done with children, 
and the earlier we know that a child has heart disease 
the better it is for that child. The child can then be 
trained for a suitable occupation and can become a use- 
ful, self supporting citizen. For this, we need examina- 
tion of our school children and examination with the 
child stripped to the waist. We also need vocational 
guidance, so that the child, become a man, will not have 
to seek a job as a laborer on the streets as 88 of the 194 
patients did. Whether we should have special schools for 
cardiac children is still a disputed question. They are 
carrying on some investigations on this subject in New 
York where there is a difference of opinion. We may 
have some facts bearing on the subject in Chicago where 
we have a special class for cardiacs at the Spalding and 
one other Public School. At present we need a school 
or shops where the cardiae who has too strenuous a job 
can learn a new trade by which he can support himself 
and family without a breakdown. Then, too, we need 
some way of lightening the mother’s burden in the home. 
The cardiac mother should not do her heavy work; but 
who is going to do it for her? There must be a bureau 
equipped to send some one into the home to relieve 
the mother of the work she should not do. 

All this of course has to do with the relief of heart 
disease. In a way it is also prevention, that is, preven- 
tion of a breakdown of the patient who already has heart 
disease. So far as the patient goes, he is not concerned 
about his heart as long as the heart muscle does its work; 
and if we handle the cardiac properly we are preventing 
real invalidism. Further, much can be done in the way 
of actual prevention if the situation is handled ade- 
quately. 

Most of the cases of heart disease which occur in youth 
are due ‘to acute articular rheumatism, and the rest are 
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due undoubtedly to other infectious diseases; a large 
number of the cases of heart disease beginning in those 
above forty are due to syphilis. We hope that the active 
campaign being waged by the various Public Hygiene 
Associations for venereal diseases will have its effect 
on preventing the increase in heart disease. We also 
hope that the campaign for combating heart diseases will 
decrease the incidence of this disease in the young. In 
the report previously mentioned it was hinted very 
strongly that the patients did not remain in the hospital 
long enough. That is true not only of cardiacs but also 
of those suffering from infectious diseases. We do not 
at present have a long enough convalescence for our 
acute diseases, chiefly because we haven’t room enough 
in our hospitals for our acute cases and because we 
haven’t enough convalescent homes. We stated in the 
beginning that patients with heart disease occupied a 
very large proportion of beds in our hospitals. If we 
had a place for our cardiacs there would be more room 
in our acute hospitals; we consequently could keep our 
infectious disease cases for an adequate time and pre- 
vent some cases of future heart disease. Thus we have 
not a vicious but a beneficient circle. 

It is well known that rheumatism, the greatest cause of 
heart disease, follows most frequently an acute tonsilitis, 
as does scarlet fever. We hope, then, to prevent heart 
disease by removing the tonsils in those subject to fre- 
quent attacks of tonsilitis. Some also hope to prevent 
heart disease by removal of teeth, but I cannot, from 
what I have observed, subscribe to that. Naturally bad 
teeth need proper care no matter where found. 

From these facts, you must see that Heart Disease is a 
Public Health Problem from all points of view. I cannot 
close without telling what we hope will be the final out- 
come of our education of the public. ~ 

We hope to have what I choose to call a cardiac centre. 
Here in some pleasant spot with large acreage, conven- 
iently near transportation, we shall have, first, a Heart 
Hospital. In another part of the grounds will arise a 
Convalescent Home, in close contact with which will be 
our workshops, where our cardiac if necessary may learn 
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a trade. Nearby will be an adequately equipped gym- 
nasium and parade grounds so that we can build up the 
muscles, and incidentally the heart muscle, before send- 
ing our patients out to work. In this way we can tell 
by proper supervision how much our patients can stand 
and advise future employers and doctors just what the 
patient can do. We shall, perhaps, have a separate hos- 
pital and surely a school for the children so that we can 
start them out upon a proper vocation for cardiacs. Scat- 
tered throughout the city will be a sufficient number of 
cardiac clinics from which we shall receive and to which 
we shall refer our patients. These clinics will be ade- 
quately manned with doctors, nurses and social workers, 
and our Association for the Relief and Prevention of 
Heart Disease will be the centre and unifying group of 
all these activities, of all the numerous outside agencies 


which are or will be formed and to the great public which 
will then be educated. 
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THE VITAL CAPACITY DETERMINATION 


Grorce Scuirr, NortHwesterN University MeEpicat 
ScHoo., Cuicaco 


The vital capacity of the lungs is the volume of air 
which can be expired after the deepest possible inspira- 
tion. 

Hutchinson, in 1846, invented a spirometer and pointed 
out its extreme value in the diagnosis of early pulmonary 
tuberculosis. Until recently, however, the value of the 
vital capacity determinations was not appreciated, and 
it is safe to predict that it will not be long before the 
vital capacity will be an indispensable part of the com- 
plete physical examination. 

Before the vital capacity determination can be of any 
practical value, it is essential to have: 

1—a method and technic which is simple and accurate, 
and at the same time which is not time consuming, 

2—a normal standard for comparison, 

3—a knowledge of the various factors which may in- 
fluence the vital capacity. 


METHOD 


A spirometer built according to the specifications de- 
scribed by Peabody permits great accuracy and is best 
adapted for use with children and adults. The adjust- 
ment of a self-recording dial is of great advantage, since 
the entire attention may be given to the proper perform- 
ance of the test. The subjects stand or sit upright in bed 
or on a chair, and breathe in and out as deeply as pos- 
sible through a rubber or glass mouthpiece, the nose being 
closed by a tight clip. No corrections need be made for 
temperature, pressure or water tension. 

It is not difficult to obtain satisfactory determinations 
of the vital capacity in adults, and even children respond 
with surprising intelligence and ease. Care is taken al- 
ways to explain to the patients the desired object, and 
it is necessary to urge them to breathe as deeply as pos- 
sible. Strict attention should be paid to this point, for 
otherwise the volume of the respiration will be low and 
will not represent the true maximum of respiratory ex- 
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change. The first attempt is often unsatisfactory, but 
the second or third attempt will invariably give reliable 
results. The observations are made rapidly, and con- 
sume from three to five minutes for each patient. 


VITAL CAPACITY OF NORMAL ADULTS 

The approximate normal vital capacity of an individual 
must be known before readings are of much significance 
in the diagnosis or prognosis of disease. The normal 
vital capacity for men and women of average physical 
fitness has been computed by Dreyer and others who 
used the height, weight, chest measurements, stem length 
or surface area as the basis for their calculations. The 
normal vital capacity varies considerably with such fac- 
tors as obesity, age, occuption and previous physical 
training and experience. An athletic person or one who 
plays a wind instrument or takes other strenuous exer- 
cise will have a greater vital capacity than an inactive 
person. All these factors must be taken into considera- 
tion. A vital capacity below 15% of the normal may be 
looked upon as being of pathologic significance. 

The recent work tends to confirm the original obser- 
vation made by Hutchinson of the relationship between 
the vital capacity and height, and of its tremendous va- 
riability, although it is more constant than compared with 
weight. Lungsgard and Van Slyke contend that chests 
measured according to certain formulas and found to 
agree in size would more nearly have the same vital 
capacity than would persons of the same height, a con- 
tention which is denied by Peabody. Christie and Beams, 
using the ‘‘linear formula’’ of DuBois, have demon- 
strated that the surface area and not the height or weight 
or chest measurements is by far the most constant and 
exact standard for comparison. This confirms the ob- 
servations made by Dreyer and by West. From obser- 
vations on 290 normal men and women, Christie and 
Beams conclude that ‘‘a female from 20 to 30 vears of 
age, with a body surface of 1.4 to 1.5 square meters, has 
a vital capacity of 2,700 ¢. ¢., and for each gain of 0.1 
square meter in body surface the vital capacity goes 
up about 175 c. ¢«. A male from 20 to 30 years of age, 
with a body surface of from 1.6 to 1.7 square meters, has 
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a vital capacity of about 4,000 c. c., and with each gain 
of 0.1 square meter the vital capacity goes up 350 ¢. c. 
From these data, we can conclude that a normal male 
between the ages of 20 and 30 has a vital capacity of 2.5 
liters per square meter of body surface, and that a nor- 
mal female between 20 and 30 has a vital capacity of 2 
liters per square meter of body surface.’’ The maximum 
respiratory exchange remains practically constant up 
to 50 years, after which there is a gradual decline—great- 
est between 50 and 60 years, and reaching 50 per cent 
of the normal at 85 years. 


RESPIRATORY DISEASES 
I. Tuberculosis. 

Meyers, studying the vital capacity in tuberculosis, 
found a direct relation between the extent of pulmonary 
involvement and the degree of the lowered vital capacity. 

On the basis of roentgen-ray examination, he classed 
the cases as follows: 

I. Suspected cases in which roentgen-ray examina- 
tion was negative. 

II. Tuberculous cases. 

A. Peribronchial with unilateral and bilateral 
involvement. 
B. Parenchymatous 
1. Unilateral with 

a—the disease confined above the 
first rib or an area of similar 
size. 

b—With the disease extending be- 
low the first rib but not involv- 
ing more than one lobe. 

c—involving more than one lobe. 

2. Bilateral. 

a—Disease confined above the first 
rib, or an area of similar size 
on each side. 

b—Disease extending below first 
rib, on each side but not involv- 
ing more than two lobes. 

c—Involvement of more than two 
lobes, 
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In thirty suspected cases in which the roentgenograms 
showed no evidence of disease, the mean vital capacity 
was 102 per cent of the normal, the range being 82 per 
cent to 122 per cent of the normal. 

In thirty-nine cases showing unilateral peribronchial 
tuberculosis, the average vital capacity was 97% and the 
range from 81 to 121% of the normal. 

Seventy-one cases of unilateral and seventy with bi- 
lateral parenchymatous tuberculosis revealed by the 
stereo roentgenograms were grouped according to the 
extent of involvement. The vital capacity of the groups 
was found to decrease as the extent of the disease in- 
creased, the average being 74%, and the range from 26 
to 122% of the normal. 

On the basis of physical examination, in ninety cases 
showing no evidence of tuberculosis or in which a defi- 
nite diagnosis was not made, 90% gave vital capacities 
within normal limits, while variations of 70% to 90% oe- 
curred in the remaining 10%. 

In 172 cases showing varying degrees of pulmonary 
disease, the vital capacity was found to be decreased in 
proportion to the extent-of involvement. The vital ca- 
pacities of 30 cases, showing pulmonary cavities by the 
roentgen-ray, ranged from 31 to 109% of the normal, 
the average being 64%. Nine cases of spontaneous pneu- 
mothorax showed vital capacities averaging 49%, the 
range being 32% to 58% of the normal. 


Ill. Bronchial Asthma. 


Peabody, Wentworth and Barker, and others have re- 
ported vital capacity readings in patients suffering from 
bronchial asthma, and found that in some cases the lung 
volume was considerably decreased, and in others, it was 
normal. 


Meyers, reporting 20 cases in which the readings were 
taken at various times during and between the attacks, 
found the vital capacity was reduced tremendously dur- 
ing the attacks, in some cases to 20% of the normal, which 
quickly-returned to the normal as the attack disappeared. 
In four cases in which the disease had extended over a- 
period of years, the vital capacity did not return to nor- 
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mal limits after the disappearance of the asthmatic at- 
tacks. In these cases, physical and roentgen-ray exami- 
nations revealed definite evidence of emphysema, which 
apparently was sufficient to account for the reduced lung 
capacity. 

IV. Pneumonia. 


‘In pneumonia, Meyers found the vital capacity to be 
very low from the beginning, being reduced to 50% or 
less in most cases. This marked reduction from the be- 
ginning of a case of pneumonia, he points out, is almost 
diagnostic. The lowest vital capacity wag observed on 
or near the day of crisis. From this time on, if the pa- 
tient recovers, the vital capacity gradually increases 
through convalescence. An increase in the vital ¢ca- 
pacity is noted almost immediately after the crisis, but 
does not return to normal for many days. The amount 
of pulmonary consolidation bears no relationship to the 
vital capacity, as is true also of the relationship between 
consolidation and dyspnea, as pointed out by Means and 
Barach. They also point out that the dyspnea may in- 
crease after the crisis, with no evidence of alteration in 
the anatomic processes in the lungs. This, however, does 
not hold true for the vital capacity, as an increase is 
noted almost immediately following the crisis. The test, 
therefore, is a valuable aid in the early diagnosis of pneu- 
monia. In a case of unresolved pneumonia, the vital 
capacity remained almost stationary for a period of ten 
days following the crisis. In another case, in which the 
tubercle bacilli appeared in the sputum, the vital capacity 
remainédd stationary over a long period of time. 

Peabody and Wentworth suggested that the reduced 
vital capacity present in patients convalescing from pneu- 
monia may occur in any severe acute infection. Peabody 
and Sturgis studied the effect of fatigue and general 
weakness on the vital capacity, using patients suffering 
from pernicious anemia. In none of these cases, without 
a lung or heart disease, was the vital capacity reduced 
more than 26% below normal. In another series of cases, 
attempts were made to fatigue the muscles of respira- 
tion by taking the vital capacity every fifteen seconds 
for ten minutes. Contrary to what might be expected, 
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the vital capacity was as great at the conclusion of the 
experiment as at the beginning. The investigators con- 
clude that ‘‘general muscular weakness and fatigue of the 
muscles of respiration are not important factors in caus- 
ing the reduction of the vital capacity of the lungs, in 
heart disease.’’ 


V. Pleural Effusion. 


In a group of cases which include hydrothorax, pneu- 
mothorax, hemothorax, and empyema, the vital capacity 
was found to vary between 74% and 42% of the normal. 
The vital capacity seems to depend upon the amount of 
fluid or air in the pleural cavity, and there is a close 
relationship between the tendency to dyspnea and the 
decrease in the vital capacity. 


DISEASES OUTSIDE RESPIRATORY TRACT 
I. Nephritis. 

In eight cases of acute nephritis with no history of 
dyspnea, the vital capacity was within normal limits. In 
chronic nephritis, without evidence of heart disease, and 
without a history of dyspnea, the vital capacity was high, 
and within normal limits. In cardiorenal cases, dyspnea 
was a prominent symptom, and the vital capacity usually 


was decreased in proportion to the intensity of the 
dyspnea. 


Il. Hyper-Thyroidism. 


Dyspnea on exertion is a common symptom complained 
of by patients with Graves’ disease. This may be due to 
nervousness, but usually indicates cardiac weakness. 
The decrease in the vital capacity corresponds to the 
tendency to dyspnea. 


III. Paratyphoid Fever. 


Meyers, studying the vital capacity in acute diseases 
outside the respiratory tract, found only 15% of the cases 
in an epidemic of paratyphoid fever, with vital capaci- 
ties below normal. In more than half of these cases, the 
reduced vital capacity could be explained on the basis 
of complications, such as pleurisy or lung involvement. 
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From these observations, we may conclude that the 
vital capacity may be of value in suggesting pulmonary 
complications in diseases outside the respiratory tract. 


VITAL CAPACITY OF THE LUNGS IN HEART DISEASE 


It has long been known that the vital capacity of the 
lungs is frequently decreased in heart disease. Peabody 
and Wentworth confirmed this fact by making 224 ob- 
servations on 124 patients, and showed in a striking 
manner that the clinical condition of the patient, and 
more especially the tendency to dyspnea, varied directly 
with the degree of diminution of the vital capacity. They 
subdivide the cases into four groups, basing their classi- 
fication on the degree of diminished vital capacity. 

Group One consists of cases with a vital capacity of 
90 per cent or more of the normal. Very few of these 
patients complained of any symptoms referable to their 
hearts. Many of them entered the hospital for other 
diseases, and the cardiac condition was discovered in the 
course of the routine examination. The vast majority 
of the patients in this group were able to work without 
much restriction. Only two of 25 patients were prevented - 
from working on account of their cardiac condition. It 
is evident that cardiac patients, with a vital capacity of 
90 per cent or more of the normal, are almost always in 
a good state of compensation. They do not suffer from 
dyspnea after exertion, and if they are prevented from 
performing their usual task, it is usually on account of 
cardiac pain or other disturbances. 

Group Two consists of cases in which the vital capacity 
is 70 to 90 per cent of the normal. A history of dyspnea 
on moderate exertion was a symptom usually given by 
these patients, but the majority could work and lead a 
satisfactory, though somewhat restricted life. 

It may be said, in general, that cardiac patients with 
a vital capacity of from 70 to 90 per cent of the normal 
may have marked heart lesions, but usually are able to 
lead satisfactory, but restricted, lives. Almost all of 
these patients give a history of dyspnea, and have a dis- 
tinctly limited cardiac reserve; they may be regarded as 
border-line cases in which the activities must be some- 
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what limited, but in which, under favorable circum- 
stances, there is little evidence of decompensation. 


Group Three consists of patients whose vital capacity 
is 40 to 70% of the normal. The characteristic feature 
of this group is the much less favorable clinical condition 
than those with a higher vital capacity. Dyspnea on mod- 
erate exertion was always complained of, and usually 
was the most prominent symptom. All patients whose - 
vital capacity was 40 to 45 per cent of the normal were 
in bed. Some of them were slightly dyspneic when com- 
pletely at rest, and others upon the least exertion. With 
the vital capacity of from 40 to 60 per cent of the nor- 
mal, patients were rarely dyspneic while in bed, and 
most of them could walk slowly without becoming short 
of breath. When the vital capacity was between 60 and 
70 per cent, the patients usually could walk fairly com- 
fortably, and could even ascend the stairs without dis- 
tress. Of the 67 patients comprising this group, 7 per 
cent could do light work, 33 per cent were up and about, 
and 34 per cent were in bed at the time of the examina- 
tion. 


Group four consists of patients whose vital capacity is 
40 per cent of the normal or less. The patients of this 
group were compelled to remain in bed, and practically 
all showed signs of decompensation. Many were dyspneic 
when absolutely quiet, and others on the slightest exer- 
tion. In 8 patients whose vital capacity was below 30 
per cent, extreme dyspnea and orthopnea were noted. 
The lowest vital capacity found was 17 per cent. There 
was a close relation between the clinical condition and 
the vital capacity, and as these patients improved, there 
was a corresponding rise in the vital capacity. Patients 
whose maximum respiratory exchange falls within this 
class during their first period of decompensation may 
improve so that they are able to return to a fairly normal 
life, but the occurrence of such a low vital capacity in the 
later attacks makes the prognosis unfavorable. Few pa- 
tients who have at any time fallen into this group have 
shown great clinical improvement, and the mortality is 
more than 50 per cent. 
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It is evident, then, that there is a close relationship 
between the clinical condition of cardiac patients and the 
vital capacity of the lungs. If the maximum respiratory 
exchange be known, one can tell with considerable aceur- 
acy what the functional condition of the patient probably 
is. Decompensated patients show a low vital capacity 
which rises with improvement, and the extent of the in- 
crease corresponds to the degree of clinical improvement. 
When the vital capacity remains constant, the patient’s 
condition remains unchanged. A rapidly rising vital ca- 
pacity after a period of decompensation indicates a fa- 
vorable prognosis, while a failure to rise more than a 
small amount or the maintenance of a continuously low 
vital capacity is indicative of a less favorable outlook. 
Slight changes in the vital capacity of ambulatory pa- 
tients may be of a great significance. Peabody and Went- 
worth illustrate this by the case of a stained glass worker 
‘who has a double mitral disease and auricular fibril- 
lation. When in his best physical condition, his vital 
capacity is 2,600 c. c., or 65 per cent of the normal. At 
such times, he can walk slowly without discomfort, and 
can do a little light work. May 1, 1916, he came 
to the outdoor department, stating that he felt poorly 
and found that he was getting out of breath more 
easily than usual. His vital capacity was found 
to have decreased to 2000 c. ¢., or 50 per cent. He was 
given digitalis and told to go to bed for a week. At the 
end of this time on May 19, 1916, he reported again, to 
say that he was as well as before his upset, and his vital 
capacity had risen to 2600 e. ¢.’’ 

Determination of the vital capacity has been of service 
in correcting false impressions derived from the histories 
of certain patients. Neurotic women may complain of 
shortness of breath, which is apparently out of propor- 
tion to the physical findings in the examinations of the 
heart, and the vital capacity may be so high as to afford 
no explanation for such tendency to dyspnea. When the 
suspicion exists that the sympton is due to nervous- 
ness, the patient may be tested by walking rapidly and 
by climbing stairs. No abnormal dyspnea will result 
and the determination of the vital capacity will serve to 
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confirm the physical examination. A few patients under. 
estimate their respiratory discomfort on exertion. The 
vital capacity is lower than one would expect from the 
history. Exercise tests will demonstrate the patient’s 
reserve is much less than he has stated, and here again 
the vital capacity determination is a helpful check on the 
history. In other cases, in which the history of dyspnea 
seems out of proportion to the results of physical ex- 
amination, the vital capacity may be low. In these pa- 
tients, the course of the disease will confirm the value of 
the history and vital capacity, and shows that the physi- 
cal examination gives an inadequate conception of the pa- 
tient’s reserve. 

It is important to appreciate that changes in the vital 
capacity of the lungs are an index of the clinical condition 
only in-so-far as the cardiac weakness shows itself chiefly 
by producing dyspnea. This is frequently but not in- 
variably the case. Certain patients with cardiac disease 
are restricted in their activities by the occurrence of 
palpitation or by pain rather than by becoming short of 
breath. The vital capacity of the lungs has no direct 
connection with palpitation or pain, and in cases in which 
these are the presenting symptoms, it does not bear any 
relation to the condition of the patient. 

The cause of the decrease in the vital capacity of the 
lungs in heart disease has never been adequately ex- 
plained. In advanced cases, it is due in part to pulmon- 
ary edema, pleural effusion, hepatic enlargement, and 
similar other factors, but in many cases, the vital capac- 
ity is decreased without any physical signs which can 
account for it, or with physical signs which are insuf- 
ficient to explain the extent of the decrease. Siebeck sug- 
gests that this decrease in the vital capacity may be due 
to an engorgement or overfilling of the pulmonary ves- 
sels, and a consequent diminution of the elasticity of the 
lungs. Drinker, Peabody and Blumgart produced pul- 
monary congestion and a subsequent low vital capacity 
in cats by compressing the pulmonary veins at their en- 
trance into the left auricle. From these experiments, it 
appears that the vital capacity may be reduced by en- 
croachment of the dilated capillaries on the alveolar 
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spaces, which air could occupy under normal conditions, 
or the lung may be rendered less elastic through in- 
creased vascularity. 

In conclusion, it may be said that we have in the vital 
capacity determination a test which is simple and easily 
performed, and at the same time, gives important in- 
formation concerning the functional condition of the 
heart and the lungs. As an aid in diagnosis and prog- 
nosis, and to indicate the efficacy of treatment, it merits, 


I believe, the serious consideration of the medical world 
of today. 
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THE BUSINESS OF SCIENTIFIC CURRICULUM 
MAKING IN SECONDARY EDUCATION 


Joun A. CLement, NorTHWESTERN UNIVERSITY 


Il. Four factors involved in reconstructed secondary 
education. 


For a decade or more, an increasing interest has been 
manifested in the technique of curriculum formulation 
in secondary education. There is now no indication that 
this interest will wane in the near future. It has been 
waxing stronger during the last half decade. Scientific 
curriculum making is slowly but gradually becoming 
recognized as a gigantic and important school business 
worthy of the attention of educational experts, and of 
the most competent school administrators and of other 
school practitioners. 

This stupendous project of reorganizing our secondary 
schools so that they will function most satisfactorily in 
the midst of new problems,—social, economic, industrial, 
and political,—involves many factors. One of these fac- 
tors has to do with a re-statement and re-evaluation of 
general and specific objectives of education as a whole, 
extending from the pe of the first six years of the ele- 
mentary school to the end of the first two years of col- 
lege, namely, the junior college. We have as yet out- 
lined but the preliminary array or draft of these ob- 
jectives. 

A second factor has to do with the reorganiza- 
tion of our traditionally and accidentally made 8-4 edu- 
cational ladder into some form of a non-8-4 adjustable 
educational plan. This plan. is now represented most 
widely by the idea and spirit expressed through the jun- 
ior-senior high school movement of America. And though 
fifty per cent of junior high schools may at the present 
time represent largely camouflage reorganization, the 
other fifty per cent have, to say the least, caught up the 
spirit of the need of the adjustment of aims and mater- 
ials taught to the present-day social demands of the 
learner. 

A third factor has to do with the significant psycho- 
logical problem of the adaptation of subject matter, of- 
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fered and taught; to the capacities of different groups 
of pupils possessing varying abilities and achievements. 
Up to date, we have made comparatively a very meager 
beginning in the matter of the presentation of subject 
matter to that group of pupils who possess exceptional 
ability in our schools. The wide use of general intelli- 
gence tests and of educational measurements within 
school subjects has assisted considerably in helping edu- 
cators to sense this problem. The task is not more than 
half completed, however, when pupils have simply been 
grouped according to capacities or abilities, for the ad- 
ministration of subject matter so that each pupil in any 
group may use up all of his potential ability is a prob- 
lem which is as yet far from being solved under our 
line-of-march, lock-step practice. 

A fourth factor has to do with the nature or types of 
reconstructed subjects and the corresponding subject 
matter to be offered throughout the whole six years of 
the so-called junior and senior cycles of secondary edu- 
cation, including, in time perhaps, also the first two years 
of college. 

The mere enumeration of these four factors brings into 
bold relief four challenging problems in secondary edu- 
cation,—problems suggested in crude form as early as 
the time of Plato of the Ancient World, and continued 
in clearer form during the later days of Comenius of the 
Modern World, but now transferred into the midst of new 
settings infinitely more complex. To some persons the 
above factors or problems will appear to be but the plati- 
tudinal statement of educational aim, organization, 
method, afid subject matter, respectively, of the past his- 
tory of education. But they represent much more than 
this. What is the best way out and ahead? Is one edu- 
cational move better than another? In the matter of 
formulating objectives, we have made our largest pro- 
gress at the present time in secondary education. These 
are not wholly satisfactory measured in terms of finality. 


II. The Redetermination of Educational Objectives. 


Curriculum construction and the determining of edu- 
cational objectives are inextricably bound together. The 
matter of scientific curriculum making has not as yet been 
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carried very far ahead. But we have made an encourag- 
ing beginning. In the past, tradition and formal disci- 
pline have been the two outstanding criteria used for jus- 
tifying the inclusion of certain subjects in the program of 
studies as a whole, or in different curricula. Both of 
these criteria have now been reduced to the minimum. 
Every secondary school subject, at one time or another, 
has been let into the list of offered subjects either on one 
or both of the above grounds or counts, namely that of 
tradition, or of mental discipline. But the point of em- 
phasis has now been shifted so as to include a complex of 
objectives involving cross-sections,—not mere sectors,— 
of the whole of an individual’s experience at different 
stages of his in-school and post-school careers. 

Through such cross-sections of meaningful experience, 
an attempt is being made through the presentation of 
school curricula to summarize and interpret the activi- 
ties of modern civilization and all of its dominating 
phases,—scientific, social, civic, linguistic, literary, vo- 
cational, aesthetic, moral, and religious. Modern cur- 
ricula should represent a series of surveys of the whole 
of the experiences of civilization at varying pupil levels 
throughout the six or more years of secondary educa- 
tion. Spinning wheel customs were different from those 
which we find in our own aeroplane days of multiplely- 
interrelated interests of one sort or another. Curricula 
that once represented simple experiences must repre- 
sent now complexes of many interests, ideas, and ideals. 

In the midst of differing environmental conditions and 
the varying problems of one community from one gener- 
ation to another, or the varying problems within the same 
generation, a reliable method of procedure in determin- 
ing present day worthy educational objectives is to be 
found through making an analytical survey of all of the 
activities involved within a given time, area, or commun- 
ity, which bear upon the educational experience of the 
learner. 

Seven objectives have been outlined by the N. E. A. 
Committee in the ‘‘Cardinal Principles of Secondary 
Education’’, published by the Bureau of Education, 
namely: (1) Health, (2) Command of fundamental pro- 
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cesses, (3) worthy home membership, (4) vocation, (5) 
citizenship, (6) worthy use of leisure and (7) ethical 
character. Professor Bobbitt has added two objectives 
to this list, and contends, furthermore, that it is possible 
to break up these general objectives into a long list of 
specific or particularized aims. One of the committees of 
the North Central Association, representing unit cur- 
ricula, has outlined four objectives which represent a 
composite of those outlined by the N. E. A. Committee. 
Professor Inglis outlines three. Professor Charters com- 
bines ideals and activities as essential in the construction 
of curricula. Professor Bonser evolves all curricula for 
elementary education out of the world experiences which 
have come to have meaning for the pupil. Professor 
Snedden believes in the sociological determination of ob- 
jectives. The Illinois High School Conference adopted 
a fourfold set of objectives having to do with health, 
wealth, association, and esthetic experience. 


So far there have been several profitable outcomes of 
this attempt to redetermine objectives. These aims of 
education are less vague than were most of those which 
appeared in the past history of education. In the next 
place, there is a distinct consciousness that the analysis 
of the activities in which pupils do and will and should 
engage, cannot be ignored when making curricula. In 
the third place, it is recognized that certain objectives, 
whether they be three, or four, or seven, or nine or more 
in number, should be regarded as common or universal 
for all individuals at certain stages of their educational 
careers, no matter what may be their later vocations or 
occupations. No subject matter can be justified per se, 
apart from the pupil’s psychological and sociological 
needs. Curricula, when outlined apart from consciously 
recognized common and universal objectives in the junior 
high school years of a pupil’s schooling, represent an 
enormous waste of time and effort. 


III. Junior-Senior High School Curricula in_ the 
Making. 

The previous remark with reference to the necessity of 

agreeing upon certain common and universal objectives 
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is applicable especially to the three-year junior cycle of 
secondary education. Out of the score of arguments 
which have been made in defense of the junior high school 
idea or spirit, the reorganization of subject matter is 
one that is of relatively large importance. The growth 
in the number of junior high schools has been so phe- 
nomenal that in many, if not in most instances, real cur- 
riculum reconstruction has not yet been accomplished. 
On the other hand, there are several large cities, and a 
number of individual schools, that have modified the na- 
ture of the content very materially. 


Such modification is inevitable if once it be granted 
that the subject matter should be related to the objec- 
tives outlined. Furthermore, it means the elimination 
of certain non-functioning materials from certain sub- 
jects, as well as the addition of other phases than the 
mere traditional subjects. Dismissing for the moment 
the debatable issue as to whether the secondary school 
should have an inflexible curriculum or differentiatea 
curricula, there is large agreement to the effect that at 
least the first two years of the junior high school should 
offer a common body of knowledge which serves as a time 
of exploration and adjustment for the pupil. 


To determine upon the proportionate amount of time, 
if any, to be given during each week to English, general 
mathematics, general science, introductory social studies, 
health, or physical education, industrial arts, home econ- 
omics, music, art, guidance, occupational studies, and 
school activities, is one phase of the curriculum making 
problem. To determine upon the nature of the larger 
units of subject matter and their sequence to be offered 
under the above named subjects in the light of a half 
dozen or more accepted common objectives is another 
important phase of curriculum construction. 


The above enumerated subjects represent a composite 
list taken from several typical junior high school pro- 
grams of studies. One city suggests a percentage dis- 
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tribution of curricular time such as follows in the so- 
called general curriculum of the junior high school: 
B A 


Health (gymnasium work, hygiene, safety education).. 16.6 16.6 
Auditorium (centralizing, integrating, curricular activ- 


Social science (history, civics, elementary economics, 

Exact science (mathematics, general science).......... 23.3 20.0 
Languages (English, foreign languages).............. 16.6 13.3 
Vocational (Shops, mechanical drawing, home econom- 


The adaptation of subject matter to the individual dif- 
ferences of pupils is worthy of consideration in the jun- 
ior high school cycle as well as in the senior cycle and 
will be referred to again under the next section. 

However, before leaving the topic of curriculum con- 
struction with special reference to the junior high school, 
one suggestion is worthy of further consideration. One 
almost unpardonable sin committed by the traditional 
curriculum formulator was that he planned separate com- 
partment programs of studies for the elementary, sec- 
ondary, and higher schools, respectively, and so unduly 
vivesected the pupil’s learning process. Another sin of 
almost equal proportions and closely related to the first 
was that of the mere duplication and repetition of sub- 
ject matter on non-increasing psychological levels. In 
the remaking of the curricula of secondary education, 
there should be no abrupt demarcations represented be- 
tween elementary and secondary schools, or between sec- 
ondary schools and junior colleges. Education should be 
regarded as a unit in the large, divided for convenience 
of administration, into sub-units. This leads naturally 
to the statement that each pupil should be well trained 
in a sequential order in two or more subjects throughout 
the secondary school. In this way the principle of pro- 
gression and sequence can be utilized in the organiza- 
tion of subject matter. One outstanding limitation and 
weakness of the program of studies of the junior high 
school at the present time is that in the minds of many 
persons, it merely represents a mass and maze of the 
so-called enriched curriculum materials which have ac- 
cumulated in such fields, for example, as general science 
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and social studies. The arrangement of this material in 
sequential order, both within the junior high school and 
in the transition to and beyond the senior high school 
is essential to real success. For instance, what certain 
experimental schools are attempting to do in the se- 
quential arrangement of two or more years of history 
is necessary also in the social studies other than history, 
and so on through the round of the other school subjects 
which are taught in both the junior and senior cycles of 
secondary education. 


IV. The Adaptation of Subject Matter to Individual 
Differences. 


It is obvious that the adaptation of subject matter to 
the different and varying abilities of pupils is as much, 
if not more, a problem of methodology than curriculum 
making. It is equally evident, however, that the curricu- 
lum, when considered apart from the child, is of little 
consequence. Our practice, too frequently, has represent- 
ed the curriculum versus the child, or the child for the 
sake of the curriculum, whereas we are now convinced 
that the curriculum must exist within the child, or for 
the sake of the child. 

Perhaps the most ready single means for detecting 
the varying abilities of pupils is through the use of in- 
telligence tests. Through the distribution of these psy- 
chological scores, it is possible to classify pupils some- 
what reliably into homogeneous groups. As many other 
means as feasible,—educational measurements, teachers’ 
marks and estimates, etec——should be used to assist in 
classifying as accurately as possible the pupils within 
such groups. 

As already indicated, the formulation of subject mat- 
ter and the presentation of the same are inseparable. In 
practice, method and material are seldom, if ever, found 
separate. So far, two large plans have cared for most 
pupils in recognition of individual differences. In the 
first place, pupils have been grouped into sections hav- 
ing varying abilites, and have been allowed to cover a 
larger amount of ground in a shorter length of time. The 
measure in the past in the main has been the time unit 
which has been true very largely up to the present. In 
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the second place, pupils in a limited number of school sys- 
tems have been allowed to progress on the basis of the 
mastery of certain units of subject matter. In this in- 
stance, the chief unit of measure is achievement, not 
mere time. Promotion is based on merit, not the number 
of weeks in school. What has happened in most instances 
however, after pupils have been homogeneously grouped, 
is either the length of time has been shortened during 
which the work could be done, or the quantity of subject 
matter to be covered has been increased. That is, we 
have merely penalized the student for his brightness by 
asking him to do more work on exactly the same mental 
level as that on which the previous work has been done. 
Relatively speaking, little has been done in the way of 
real progress to change, not only the method of presen- 
tation for the superior group of pupils, but little has been 
done to change the actual quality of the content of sub- 
ject matter offered. 

The problem of the exceptional pupil is only partially 
solved when we have allowed him merely to finish in a 
shorter length of time because of his native brilliancy. 
He ought not only to be allowed, but to be given the op- 
portunity through the formulation of appropriate subject 
matter, to use up as nearly as possible all of his mental 
capacity just as is the more mediocre or slow pupil driven 
to do in the mastery of the ordinarily outlined material. 
Superior pupils have as much right to have an oppor- 
tunity to use up on suitable materials all of the ability 
they possess as have the pupils nearer the other end of 
the distribution curve of native ability, who are com- 
pelled to work up to the limit of their capacity in order 
‘*to pass’’. 

The outline of materials in terms of quality has as 
yet been done very meagerly, and should be kept in mind 
as a part of the project in the scientific construction of 
the program of studies as a whole. It is, of course, 
likely that even with this material of a higher qualitative 
type to be mastered than that found in the usual program 
of studies, the especially capable student will still be 
able to do the work in less time than the mediocre stu- 
dent can do the work outlined for him. 
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To summarize, it is important that curricula in part 
be constructed so as to meet the common needs of all 
groups. But within the scope of secondary education, 
some attention should be given also,—much more than 
at present,—to outlining materials for those pupils who 
possess superior or exceptional ability. And this is no 
simple task of a few weeks or months. It involves the 
research and investigation of a decade of time, more or 
less. The emphasis which has been given more recently 
to individual instruction versus socialized and group 
recitations is, no doubt, an honest attempt to face the 
problem of adaptation of subject matter to individual 
differences of pupils. Curricula on the whole have been 
made for the pupils who have about a medium grade 
of intelligence. As a consequence, we have attempted 
during a great deal of the time to reduce all pupils to 
a similar level of achievement, pulling down those hav- 
ing exceptional ability and intelligence, and pulling up 
those having unusually low ability and intelligence. 


V. The Determination of Curriculum Content through 
Experimental Research, and through the Investi- 
gation of Competent Committees, 

Experimentation carried on through a period of four 

or five years at one time represents one reliable method 
of procedure in attempting to determine the nature of 
the content of curricula. In social studies, for example, 
this can be done as well as in other studies, such as 
natural science, mathematics, and so forth. In social 
studies, objectives should be agreed upon as far as is 
possible in advance of the experimentation carried on. 
One important general objective or purpose can well be 
that which has already been suggested by various com- 
mittees, namely, enabling individuals to live and get 
along agreeably and successfully with one another. If 
once this objective be agreed upon, then all subject mat- 
ter outlined and taught should point to this purpose and 
other purposes and sub-purposes, equally worthy of 
realization. Material as traditionally outlined in his- 
tory and other social studies is not wholly satisfactory 
in the light of the purpose of the above sort. 
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Furthermore, it is essential to agree upon tentative 
large units of subject matter best suited to the realiza- 
tion of these newly stated social purposes. A dozen, 
more or less, of such units made up by selecting the con- 
tent from a variety of sources in the general field, ex- 


_ tending from ancient times to modern, will constitute a 


more satisfactory curriculum pabulum, which will be 
superior to that which has been offered in water-tight 
compartment fashion. This is true especially in rela- 
tion to the first three years of secondary education. 
Gradually more intensive work built upon the earlier 
larger units of subject matter can be outlined for the 
last three years or less of secondary education. This 
method of approach in social studies is but one example 
of what can be done in other secondary school subjects. 
The use of this larger unit of subject matter for the 
earlier approach in secondary school subjects consti- 
tutes a fundamental aspect which should be taken into 
account in our newer technique of curriculum construc- 
tion. 

More experimental schools than now exist should be 
established in different sections of our country, and en- 
dowed for the purpose of carrying on scientific curricu- 
lum experimentation and construction in secondary 
schools. At the present time only a limited number of 
such schools exist in widely scattered areas. There is 
no more important and worthy desideratum just now in 
our attempt to reconstruct secondary education in Amer- 
ica than the matter of experimental research in relation 
to secondary school curricula. 

The Buredu of Research, which has been established 
recently within state universities and in state teachers 
colleges, can do considerable to bring the gravity of this 
problem of curriculum construction to the attention of 
progressive school people through statistical study and 
investigation of present practices in curriculum formu- 
lation. 

A limited number of schools have attempted a tenta- 
tive reformulation of all their subject matter taught. 
The cooperation of educational experts and of public or 
private school officers in curriculum making, when well 
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guarded and guided, should become an increasingly wide 
custom in the American secondary school system. More 
experimental schools should be created for the specific 
purpose of testing out the most satisfactory curricula. 
And, again, the plan of curriculum formulation which 
enlists the interests and efforts of a whole teaching staff 
in cooperation with an educational expert should be 
encouraged. 

Within the last decade, it has become the custom here 
and there for school boards and superintendents to in- 
vite in educational experts to cooperate with the regular 
teaching staff in making over the total program of stud- 
ies offered. Obviously, one sensible procedure in such a 
situation is to make a survey of the activities, indus- 
tries, enterprises, interests, and needs of the commun- 
ity involved. This includes the interests of patrons as 
well as of pupils. Another aspect of this procedure is 
the analysis and re-study by the teaching staff of all the 
materials offered by them in the light of widely accepted 
general objectives and corresponding specific sub-ob- 
jectives in harmony with the psychological and social 
needs of pupils in respective communities. The presen- 
tation of such material will be superior to that which is 
ready made, handed down from too many generations 
back. We have now come to the time when we can well 
afford to committeeize the persons who are masters in 
one field or another throughout the country, and who 
are competent to work out the different courses of study 
to be offered within the program of studies and in the 
curricula of our secondary schools, and delegate to them 
the power to outline representative curriculum materials. 

Each community in the main must work out its own 
curriculum salvation. Only those aspects of the cur- 
riculum will be uniformly standardized which apply to 
common and universal objectives. Toward the end of 
the secondary school period, considerable leeway will 
be necessary, both for the adaptation of subject matter 
to meet individual differences in terms of capacities and 
aptitudes of pupils, as well as leeway in the adoption 
of curricula differentiated enough to apply to all of the 
varied interests of different communities. 
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LEARNING CAPACITY—AN IMPORTANT FAC- 
TOR IN EMPLOYMENT ADJUSTMENT 


Emery T. University or Cuicaco 


We have heard much of late concerning the ‘‘human 
factor’? in industry and in commerce. We have been 
concerned about the ‘‘square peg’’ in a ‘‘round hole’’ 
and the ‘‘round peg’’ in a ‘‘square hole’’ and faulty 
reasoning has sometimes led us to accept conclusions 
not well founded in fact. It is well known that jobs do 
shape themselves to the interest, capacity and peculiari- 
ties of individuals filling them, and it is also recognized 
that individuals do adjust themselves to the require- 
ments of their jobs. Difficulty has arisen from the fact 
that these adjustments have not always gone forward 
with desired rapidity or because they have not been 
carried to the desired level of accomplishment. 

If one were to follow a new employe from employ- 
ment induction through the early stages of advance- 
ment to positions of more and more responsibility he 
would find, if both employe and job opportunity were 
of a high order, almost constant demands for adjust- 
ment along the following lines: 

The employe finds certain things to do which require 
more or less skill, tasks which can be done well and 
quickly only after motor controls have been established. 
Some of these adjustments are very simple, others in- 
volve periods of practice before the necessary controls 
are perfected. The manipulation of office or plant 
machines and the skillful handling of materials ordi- 
narily requite such capacity. The constant shift in pres- 
ent-day plant and office practice necessitates a modicum 
of such development on the job as well as through pre- 
paratory training if the worker is to be emploved 
regularly. 

There is a second type of adjustment which necessi. 
tates the accumulation of information. This involves 
the learning of codes, the memorizing of routes or sched- 
ules, the details of manufacturing processes or the bring- 
ing together of information along any one of many 
lines. In any event the employe finds it necessary to 
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read, to observe, to discuss, and to take on information 
from many sources. The speed of acquisition and the 
facility shown in reproduction for use become important 
factors in determining the value of an employe in par- 
ticular positions. 

While it is important that workers generally possess 
capacity for taking on skills and for making motor ad- 
justments, and while it is important that in certain po- 
sitions they respond quickly to demands for related in- 
formation, it is even more important in the most re- 
sponsible positions that occupants use such skill and 
information in new and unusual combinations. Capac- 
ity for and habits of independent action become a funda- 
mental consideration in the advancement of workers to 
positions of major responsibility. Planning industrial 
or business development, planning a sales or publicity 
campaign, readjusting a production schedule, all of these 
activities are in large part dependent upon power of in- 
dependent thinking. Without such ability so-called plan- 
ning becomes mere copy work, resultant from or de- 
pendent upon precedent be it good or bad. Herein lies 
the distinction between the so-called routine worker and 
the worker who makes possible progressive and construc- 
tive development through the creation of improved 
devices and through the suggestion of improved prac- 
tices. Facility shown for achievement in this field is 
one of the requisites for success in many of our sales, 
organization, and research fields. Coupled with other 
abilities, this capacity is fundamental for all responsible 
administrative positions. 

There is still another capacity or ability, which con- 
nects itself so closely with ability to learn that it should 
be classified with the above learning levels or capaci- 
ties. I refer to the ability to make personal adjust- 
ments; adjustments to one’s work, to one’s surround- 
ings, and to one’s associates. This has to do with the 
worker’s attitude toward the task to which he is assigned 
and the facility shown in meeting new and disturbing 
situations. It also involves that combination of factors 
which enter not only into association with other individ- 
uals but the management of individuals and groups of 
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individuals. It is this ability which enters into real 
leadership as contrasted with mere management. The 
successful leader makes his personal adjustments read- 
ily and shows capacity for fair but effective dealing 
with his associates. While this ability is desirable for 
all workers, it becomes fundamental for foremen, manag- 
ers and others who have to do with groups of workers. 
It is just as fundamental for successful practice in any 
position which requires contact with the public such as 
is necessary in secretarial or sales work. 


If we accept the general thesis that learning capacity 
along the lines indicated is an important factor in em- 
ployment adjustment, are we not justified in assuming 
that information concerning such capacity would be val- 
uable at the point of employment or even more valuable 
at the point of special vocational training? If valuable 
in this connection, how may such information be secured? 
There are at least two major approaches which promise 
helpful returns, school ratings and psychological tests. 


There are opportunities for rating in connection with 
the regular school activities which have in the past been 
utilized only in part. Is it too much to expect that every 
young man or young woman who comes to employment 
after the completion of our public elementary, second- 
ary, or college courses will bring as a by-product some- 
thing approaching a complete appraisal of learning ca- 
pacities and learning habits? Is it not also desirable 
that school contact through curricular and through ex- 
tra-curricular activities result in corresponding ap- 
praisal of’ personal qualities which are of importance in 
employment? The following records which have been 
supplied from the files of the University High School 
indicate the kind of information to which I refer: 


A. A problem case— 


‘*Has difficulty in working for any period of time with- 
out direction. Cannot organize his work and finds 
trouble working through a problem when once it has 
been analyzed and organized in cooperation with the 
instructor. 
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‘‘Does not read with any high degree of understand- 
ing. A great deal of his reading is cursory and needs 
to be interpreted for him by another. 

‘*He is easily discouraged in the face of any situation 
which obliges him to think, but works well in a situation 
where the work is routine and goes smoothly with a 
minimum of thought. Is very fond of talking but sel- 
dom has much to say. Is noticeably. backward in dis- 
cussing problems of vital importance in connection with 
his work.’’ 

B. A high grade student— 

‘A quiet, conscientious worker of a deliberative and 
investigative turn of mind. Has the ability and the 
initiative to think a problem through independently. 

‘*He is economical in the use of his time and seldom is 
obliged to revamp poor work; that is, he seldom has poor 
work to revise. He is a very consistent performer. He 
is going along in the same quiet efficient way at this 
time that he was last October. 

‘*His ability is respected by the boys with whom he 
comes in contact and he is not without influence among 
them. He seems to possess all the elements which enter 
into the making of a serious minded, effective citizen.’’ 

Cumulative statements such as these mean a great deal 
more than do grades of ‘‘A’’, ‘‘B’’, or ‘‘C’’ in shopwork, 
drawing, mathematics or history. They are significant 
especially in the employment of young workers who 
- have before them an extended period for adjustment. 

In addition to such a statement we should be interested 
in bringing together a more complete measure of spe- 
cific abilities such as speed and accuracy in typewriting, 
rate and comprehension in reading, and corresponding 
scores for accomplishment in other subjects where stand- 
ard measures are available. Such factual evidence 
could be interpreted in terms of promise in lines of work 
requiring corresponding ability. 

In addition to any measures of capacity in terms of 
accomplishment in the regular school subjects and in 
extra curricular activities there should be ratings from 
phychological tests which would cover as completely as 
possible the learning abilities indicated above. Such re- 
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turns should be combined with measures of capacity in 
school subjects to give a rather complete picture of the 
students’ learning capacity and learning habits. This 
would mean a rearrangement and supplementation of 
such tests as the National, Otis, Turman, and other 
standard units now in general use. 

While it is assumed ‘that established correlation of 
abilities relieves the necessity for testing in minute de- 
tail, it is hazardous to expect that a mere index number, 
I. Q., mental age, or other similar device will ever take 
the place of the picture which is presented through a 
more complete analytical record. 

The making of anything approaching a satisfactory 
- record of learning and personal qualities would neces- 
sitate the administration of a number of special abilities 
tests either during the preliminary training period or 
at the point of employment. As a matter of fact such 
supplementary testing may be carried forward most 
effectively just prior to and during the period of early 
employment, especially in the case of employes inducted 
through a well organized vestibule or other corporation 
school. Such schools closely approximate conditions un- 
der which work is to be performed and make possible 
pointed measurement and effective observation. 

As employers become more and more interested in the 
individual workers as a factor in the reduetion of unit 
costs of production, we come to be aware more keenly 
of the specific factors which make for or against satis- 
factory accomplishment. If jobs were few and well de- 
fined the necessary analyses might be made promptly 
and effecti‘vely. That the actual problem of analysis is 
a difficult one is indicated by reference to the Federal 
Census which catalogs occupations under 572 main head- 
ings with some 12,000 subheadings. This widely dis- 
tributed employment field, complicated as it is by the 
lack of uniform terminology or classification, has led 
many employers and some psychologists to despair of 
helpful classification of job and corresponding employe 
requirements and possibilities. Does effective employ- 
ment service call for a complete catalog of these thou- 
sands of jobs coupled with a corresponding catalog of 
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thousands of potential workers in order that detailed 
matching of workers and jobs may be carried forward? 
It is obvious that for the present such practice would be 
impossible of administration. 

It is a well known fact that for a large number of jobs 
the learning requirements are almost identical. Beyond 
this point satisfactory service becomes a matter of in- 
terest and personal adjustment. Even here there are 
to be found large numbers of positions which tend to 
group themselves. Such is obviously true of junior office, 
sales, assembly, and other large sections of productive 
labor. Barring the element of work surroundings and 
the resultant demands and opportunities for personal 
adjustment, positions within certain group classifica- 
tions require capacities very much in common. If Mr: 
Pound in his extended treatment of employment condi- 
tions did nothing more, he did succeed in pointing out 
the fact that jobs may be classified on a horizontal as 
well as on a vertical plane; that a worker of given abil- 
ity may operate a machine in a fish cannery, in a fruit 
or vegetable canning plant, in a meat packing estab- 
lishment, and without serious inconvenience, adjust him- 
self to production requirements in a plant manufactur- 
ing automobiles, all within the space of a few months. 
If this means anything to educators and employers, it 
must mean that attention should be centered upon train- 
ing and production capacity rather than upon specific 
trade opportunity and requirement. 

Is it not, then, for our less mature workers, a matter 
of reducing employment requirements to learning de- 
mands just as we are now classifying instructional ma- 
terials for mastery by students of varying interests and 
capacities? Such groupings would make possible effec- 
tive testing practice in the four major fields of learning 
rather than in innumerable small units. There is the 
further advantage that such an adjustment of testing 
practice for purposes of employment service would lead 
to more effective classification for training purposes. 
Training and tests could be made to supplement each 
other in bringing to the employment office the informa- 
tion most needed in selecting and in assigning workers 
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to positions for which they are best suited and in which 
they find their greatest opportunity for service. The 
combined practice would also inevitably result in a more 
exacting appraisal of training materials and methods 
than has yet been attempted. 

It should be expected that a more complete classifica- 
tion of school and testing returns on the basis of learn- 
ing capacity, coupled with corresponding employment 
returns, would in the end lead to the establishment of a 
common denominator for vocational education and em- 
ployment; a common denominator in terms of capacity, 
interest, and opportunity which represent the important 
variables in employment. 
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THE SELF-ANALYSIS DEVICE AS AN AID IN 
GUIDANCE 


JosepH V. Hanna, Personnet Director, Jouiet Town- 
SHIP AND JuNIoR CoLLEGE, JOLIET 


The brief treatment of the subject of self-analysis 
herewith presented has grown out of the writer’s ex- 
perience in the development and use of self-analysis 
materials at Bradley Polytechnic Institute, supplement- 
ed by a rather thorough study of prevailing systems in 
use elsewhere. It is not the purpose of the present 
paper to evaluate the different angles of self-analysis in 
its relation to guidance, comprehensively. A limited 
background of practical experience, however, seems suf- 
ficient justification in raising certain questions with re- 
spect to prevailing conceptions and practices with re- 
spect to administration. In-this brief experience the 
writer finds sufficient enthusiasm for self-analysis, con- 
servatively used, to impel him to make certain criticisms 
which are in no sense meant to be unkind. 

The self-analysis blank is a device which aims to arouse 
and utilize the interest, of the individual in the analysis 
and solution of his personal problems. Since the prin- 
ciples of vocational guidance recognize that the individ- 
ual himself must ultimately make educational and vo- 
cational choices, it can be seen readily that any device 
or plan which in any way stimulates and directs self- 
activity, and brings the individual to a realization of 
his personal responsibility, is valuable. 

It is not the purpose of the present paper to deal with 
the historical side of analysis in any of its phases. It 
should be pointed out in the beginning, however, that 
in so far as content and technique of blanks and forms 
are concerned self-analysis makes no wide departure 
from the general subject of ‘‘analysis’’ or ‘‘rating’’. 
Self-analysis differs from other types of analysis, in the 
main, only in the methods of administration. The same 
blank is sometimes used by students and employees in 
rating themselves, and by teachers, foremen, etc., in rat- 
ing those whose responsibility they share. A discussion 
of the minor differences as to form between self-analysis 
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blanks and other types of analysis blanks would avail 
little. The psychology and motives back of the two, how- 
ever, are widely different. The present paper will con- 
sider only the problems involved in self-analysis. 

. A survey of prizited matter on the subject of self- 
analysis reveals a chaotic status. Random and discon- 
nected efforts over a wide field have resulted in no very 
uniform conception as to objectives, nor how such ob- 
jectives should be reached. There is practically no 
standardization of terminology either in education or in 
business and industry. There are as many plans and 
forms as there are men with ideas. In the trial and 
success methods by means of which the many projects 
have been carried on, however, many helpful schemes 
have been revealed. Such schemes have aided in stimu- 
lating more serious introspections and observations on 
the part of those being rated, as well as to give less arbi- 
trary and more wholesome points of view to those in 
charge of administration. Along with the saner admini- 
stration of systems of self-analysis is the malpractice 
of those who have no clear purposes in mind, and who 
interpret results with a degree of finality which is wholly 
unwarranted. Among the latter class are those who 
for mercenary motives reduce to absurd formulae series 
of hypothetical principles which they sell to an unsus- 
pecting, yet concerned and needy clientele. Such faddists 
as the phrenologists, physiognomists, etc., are typical 
of this group. 

Items which may be classed under the heads of ‘‘dis- 
advantages’’ and ‘‘advantages’’ of self-analysis, with 
certain modifications and additions, will be taken up in 
order. The disadvantages in the use of self-analysis 
fall naturally under two divisions,—first, the disadvant- 
ages inherent in the blank form; second, disadvantages 
which result from arbitrary and careless use of the blank. 
Preeminent among the disadvantages of the first order 
is the introspective nature of any reactions secured. The 
introspective process does not yield objective or highly 
accurate results. This cannot be considered so definite 
an objection where results are not to be taken at their 
face value. Since such direct use of results of self 
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analysis is one of the less important uses, it may be felt 
that the introspective nature of the self-estimate should 
not be pressed as a definite disadvantage. One import- 
ant reason for so classifying it, however, is given in the 
paragraph which follows. 

Self-bias of the student is a characteristic which pre- 
vents the utmost frankness and which. undoubtedly_gives 
colored results. “Two rather careful and important 
studies of college juniors in this connection are indica- 
tive. The findings of these separate studies agree in 
all essential details. They may be summed up as fol- 
lows: 

1. Error in the judgment of the self is much greater 
than in the judgment of others. The tendency is for the 
junior to think he is as he should be. There is a tend- 
ency for him to think his fellow-junior is not what he 
should be. He places himself above the ‘‘typical’’ jun- 
ior. 

2. In the case of undesirable traits there is a con- 
stant tendency for the junior to underestimate himself; 
in the case of desirable traits (beauty excepted) there 
is the constant tendency for him to overestimate himself. 

3. One who possesses a trait in high degree is a bet- 
ter judge of that trait than one who possesses such 
trait in low degree. 

It has been the writer’s observation that certain in- 
dividual students who possess certain qualities in ex- 
cellent degree are willing to place themselves somewhat 
below the point on the scale where they should be, to 
avoid being thought of as egotistical. There is always 
the danger of interpreting individual cases on the basis 
of group data, rather than to deal with each case sep- 
arately. The general tendency toward overestimation, 
however, should not be ignored. We usually think of 
exaggerated egotism as typical of the adolescent youth, 
and, to a certain degree, wholesome. If such egotism 
persists to the end of the college course, as it seems to 
do, we should begin to inquire as to how far the college 
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*Knight and Frazen, “Pitfalls in Rating Schemes”. Journal Educa- 
April, 1922. 


C. Cogan and Others, “Experimental Study of Self-Analysis”. Schoo] 
and Society. July 31, 1915. 
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is responsible for enhancing a characteristic which, 
apart from the period marked by lack of rational ex- 
perience, has false values. This consideration becomes 
all the more serious in view of Cattell’s findings that the 
tendency is for scientific men neither to underestimate 
nor everestimate themselves. It appears that the ex- 
perience which brings individuals in contact with the 
real work of the world eliminates to’ a certain extent 
the tendency towards overestimation. Is it consistent, 
then, to inquire how far the institution which turns in- 
dividuals out at the close of its period of instruction, 
egotistical and self-centered to an irrational degree, rep- 
resents the real work of the world? While there is in- 
sufficient data for sweeping conclusion, still the studies 
referred to above are sufficiently indicative to warrant 
our raising several questions which can be answered only 
by the results of further experimentation. If the self- 
analysis blank can reveal conditions such as described 
above, it will be to this extent an advantage rather than 
a disadvantage. When dealing with individual cases 
the tendency of the individual, especially the individual 
with mediocre or inferior ability, to overestimate him- 
self, should be held in mind. Self-rating on character 
qualities should be discounted in the case of the majority 
of students. 

Another disadvantage of the blank form is the sug- 
gestiveness of terminology. In expecting the youth to 
represent his interests and abilities in terms which we 
specify we can easily defeat our own purpose. Our idea 
of simplicity of terminology may not be simple for the 
individual Who is asked to rate himself. The opposite 
extreme of so presenting the form that the complacent 
individual can easily check a few words, phrases, ete., 
without thinking the situation through is quite charac- 
teristic of many blanks. It is easy for the novelty of 
the device to come in for prime consideration, rather 
than the experience of the individual concerning which 
a response is desired. Illustrative of such tendencies 
we find the practice of suggesting long lists of school 
subjects from which the individual is asked to check 
those he has found most interesting, those which he par- 
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ticularly dislikes, ete. Long lists of antonyms, phrases, 
etc., are presented, the rater being asked to check those 
which he likes, dislikes, which more nearly pertain to 
him, ete. 

In a recent self-analysis blank designed for use with 
college freshmen at Bradley Polytechnic Institute, the 
writer included a list of school subjects from which the 
student was asked to check the three in which he found 
most interest. He was asked also to indicate in which 
fourth of his class he ranked while pursuing the courses 
checked. After brief experience the latter part of the 
scheme was abandoned because of its complexity. In 
the revised blank which is being used the present school 
year the list of school subjects does not appear. The 
student is asked to list the three school subjects in which 
he found most interest, in order of interest; also to list 
the three he disliked, or which gave him most difficulty, 
in order of undesirability. No subjects are suggested, 
the student being expected to remember those subjects 
which stand out in his experience, independent of any 
list. One reason for making the revision, as is implied 
above, is the feeling that the suggestiveness of the many 
terms—the elaborateness of the list—would take the in- 
terest of the indifferent rater off at a tangent. The pos- 
sibility of selecting those subjects with high attention 
value on the list is an item to be considered in the case 
of the semi-concerned or unconcerned individual. So- 
ciety, moreover, regards certain subjects as being more 
dignified and respectable than others. Favorite teachers 
have certain subjects which are their hobbies: these sub- 
jects are accepted by student admirers as being import- 
ant independent of personal reaction toward such sub- 
jects. There arises the reasonable question as to whether 
the indicated response is the real choice of the rater, or 
whether he has indicated a preference which is rather 
in accord with criteria suggested above. It was felt that 
to have the rater assume responsibility for thinking thru 
the situation, and for making his own selection with- 
out having a list before him would give results which 
would less likely be colored by factors which are foreign 
to his real convictions. A second reason for making 
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the indicated change is the difficulty in presenting a list 
of subjects sufficiently inclusive to represent the varied 
curricula of secondary schools. This disadvantage is 
discussed at greater length in a different connection. 

While efforts are being made to remove suggestiveness 
from terminology, and so to present lists, questions, ete., 
as to require more analytic thinking, it still remains that 
the rater finds complex and over-suggestive situations 
before him. Frequently there is little aid given by way 
of explaining the blank form, or in trying to have the 
subject in a proper frame of mind before self-rating is 
attempted. This criticism is not made with the feeling 
that lists of terms referred to are wholly bad. We can- 
not accept even the best self-analysis schemes without 
approving such lists. Efforts should be direeted, how- 
ever, to a further simplification, and amplification, of 
form. 

The vague and general nature of descriptive terms and 
qualities used presents a further disadvantage, or limi- 
tation, of the usual self-analysis device. This vagueness 
and generality seem to result from two sources. Em- 
phasis on the idea of formal discipline seems to be the 
basic explanation. As applied to the attempted analy- 
sis of character these general terms were enhanced by en- 
thusiasm for various phrenological and physiognomical 
schemes in evidence in the early history of the rating 
movement. Certain terms in general usage are so gen- 
eral that they are meaningless. Objection to the use of 
other common terms is not in their generality, but in the 
evident lack of agreement as to meaning. The follow- 
ing lists of character qualities, taken from self-analysis 
blanks of the usual type, may be taken as sufficiently 
representative. The lists quoted from the Rugg Scale 
and from the New York Department of Labor Bulletin 
represent more recent efforts toward simplification, and 
toward more concrete terminology : 

From Scale used in U. 8. Army for rating officers and 
candidates for officers’ training camps. 

1. Aggressiveness 
2. Appearance 
3. Competitiveness 
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4. Control of Emotions 
5. Initiative 
6. Integrity 
7. Health 
8. Judgment 

9. Openmindedness 
10. Organizing ability 
11. Perseverance 

12. Sense of humor 


From ‘‘Analysis of Interests and Ambitions’’, used 
at Bradley Polytechnic Institute. 
. Punctuality 
. Perseverance 
. Leadership 
. Interest in work 
. Self-confidence 
Tact 
. Reliability 
. Temperament 


From Rugg, ‘‘Scale for Rating Teachers’’. (Adapted 
also for students.) ; 
1. Skill in teaching 
2. Skill in mechanics of managing class 
3. Teamwork qualities 
4. Qualities of growth and keeping up-to-date 
5. Personal and social qualities. 


WDE 


From scheme suggested in ‘‘Employment of Women 
in Five and Ten Cent Stores’’, N. Y. Department of La- 
bor. (For more specific objective.) 
. Appearance of counters and shelves 
. Filling of counters and shelves 
. Supply of paper and cord 
. Merchandise displayed for selling 
. Order of under-counters 
. Proper place for price cards 
. Registering of money before wrapping 
. Politeness toward customers 


Members of the faculty at Bradley Institute rated 
students on the general character qualities provided in 
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the self-analysis blank used. On several of these quali- 
ties there was very little agreement among faculty mem- 
bers. This agreement was less for certain qualities than 
for others. An interesting observation is that in the 
case of certain outstanding students there was fairly 
close agreement as to the possession of a quality in cer- 
tain degree, upon which there seemed to be little or no 
general agreement in estimating the students as a whole. 

Efforts toward generalizing situations which cannot 
be generalized are seen in the more modern tendency of 
stating situations such as ‘‘Would you rather be in a 
crowd?’’ or ‘‘Would you rather be alone?’ ‘‘Do you 
like to stick to one job for a long time?”’ or ‘‘Do you like 
to change jobs often?’’ The writer’s examination of 
analysis blanks filled out by high school seniors revealed 
to him the futility of attempting to generalize such likes 
and dislikes as those suggested. One student stated that 
he liked to be alone at times. Another stated that his 
remaining on the job depended entirely on the nature of 
the job. Certain versatile students are so stimulated as 
to be able to go beyond the provision of the blank, as 
was intended doubtless by the makers of certain of those 
blanks most worth while. One is inclined to question, 
however, the value of responses made by the majority 
who most probably accept the situation as presented in 
the blank, and respond to one of the two alternatives for 
the sake of system and regularity. Such indefinite ques- 
tions cannot take into account the varying conditions 
under which different types of work are done; neither 
does it give to the individual a fair opportunity for stat- 
ing his complete relationship to his crowd or group. 

The apparently necessary limitation of scope of the 
self-analysis blank makes it distinctly incomplete as an 
opportunity for indexing preferences and abilities along 
all necessary lines. It is impossible to have a list of 
school subjects which is sufficiently inclusive to be repre- 
sentative of the varied curricula of secondary schools, 
without making this section of the blank cumbersome and 
unwieldy. Among those who first filled out the Bradley 
blank including such a list were two or three students 
whose preferred subject was not included in the list. 
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This observation served as justification for the revision 
referred to previously. It is plainly impracticable, if not 
impossible, to include a list of all possible professions 
and vocations which furnish a sufficient range for any 
large group of individuals in expressing their vocational 
likes and dislikes. One can only appreciate this limi- 
tation in attempting to arrange and use such a list. In 
leaving blank spaces for filling in any such vocation or 
profession in which the individual might express chief 
interest, but which is not given in the list, there is the 
danger of having the rater feel that any such ‘‘filled in’’ 
occupation is of minor importance. 

Dr. Miner, formerly of Carnegie Institute of Tech- 
nology, has suggested what seems to be a happy solution 
of the difficulty outlined above. In his blank entitled 
‘*An Analysis of Work Interests’’ he has included a list 
of activities which apply to several related occupations. 
These activities and characteristics are presented in 
groups. This makes possible an all-inclusive list. It 
places a somewhat larger portion of the burden of an- 
alysis upon the rater himself in that he finds it necessary 
to think of any occupation which he may have in mind 
in terms of the qualities listed. While the element of 
suggestion and lack of earnestness will so enter as to 
partially invalidate the process, still there seems to be 
no simpler or less suggestive way of getting necessity 
for such considerations before the rater: 

* ‘Select the three Kinds of Activities listed below at 
which you think you would do best and at which you 
think you would be contented to work permanently. 
Place the figure ‘1’ before that group which you would 
place first for yourself. Place ‘2’ before your second 
choice, and ‘3’ before your third choice. 

‘‘Remember the unpleasant features of the work and 
the conditions under which it would be carried on. Con- 
sider also whether you would have the necessary health 
and strength, whether you can get the necessary train- 
ing, and whether thia «ccupation will give you the op- 
portunity to utilize your good traits and follow your in- 
terests. 


* Taken from “Analysis of Work Interests’, published by Carnegie !n- 
¢itute of Technology. 
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‘‘ Any occupation will involve a number of these activi- 
ties, but number only those three groups which appeal 
most to you. Sometimes it is well to begin by excluding 
those you dislike. It may help you if you will also com- 
pare yourself with others of your own age. 


( ) Growing plants, as in farming, gardening, green- 
house, ete. 


( ) Care of animals, as in stock raising, care of horses, 
ete. 


( ) Operating engines, as locomotives, automobile, steam 
plants, ete. 


( ) Operating machines, as in manufacturing, using 
linotype, ete. 

( ) Installing equipment, as electrician, plumber, gas 
fitter, ete. 


( ) Construction work, as in building, concrete work, 
bridge construction, ete. 

( ) Delicate muscular movements, as dentist, surgeon, 
instrument maker, ete. 

( ) Discovering and repairing defects, as jeweler, auto- 
mobile repairman, ete. 

( ) Transporting Activities, as railroad operation, ex- 
press, mail, ete. 

( ) Meeting and Directing people, as secretary, floor 
manager, conductor, ete. 

( ) Teaching in school, shop, ete. 

( ) Welfare work, as in social settlements, industrial 
plants, Christian Ass’n. 

( ) Advisory Service, as physician, lawyer, consultant, 
banker, analyst, ete. 

( ) Organizing People, as in societies, in work gangs, 
industrial and business concerns, ete. 

( ) Influencing People Directly, as in selling, preaching, 
campaigning, ete. 

( ) Influencing People Indirectly, as in advertising, 
writing, newspaper, ete. 

( ) Organized Planning, as in business, managing insti- 
tutions, in developing engineering projects, ete. 

( ) Scientific Work, as in laboratories, in museums, in 

research, ete. 
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( ) Recording and Systematizing Records, as in office 
work, stenography, bookkeeping, library work, ete. 

( ) Entertaining People, as musician, actor, speaker, ete. 

( ) Artistie Skill, as in decorating, window dressing, 
millinery, costuming, printing arts, ete. 

( ) Artistic Creation, as in writing, designing, compos- 
ing music, ete. 

( ) Field of Activity not on this list and described as 
follows :’’ 


It is hoped that thoughtful consideration of the type 
rendered by Dr. Miner will enable us to overcome several 
obvious limitations of present blank forms. 

The most serious drawbacks in the use of self-analysis 
are not due to the form of the blank, but rather to the 
improper mental attitude of those doing the rating, and 
woeful lack of proper objectives on the part of many 
who are responsible for administration. The state of 
mind of those putting in writing their life history, their 
ambitions and ideals, and their character qualities is not 
such as to secure accuracy, and in many instances, sincer- 
ity of statement. Unless a great deal of precaution is 
taken there is the natural feeling that the record is an in- 
dictment to be used against the raters if at all unfavor- 
able. Such questions as, ‘‘ Will this be counted on my 
grades?’’, ‘‘Will anybody else see results?’’, ete., were 
not uncommon among college freshmen. The degree of 
seriousness with which most students fill out the blanks 
indicates that there is much in their minds which they 
dare not express. This feeling is the more common where 
the use of self-analysis is a requirement. In this connec- 
tion a psychological test record of a very brilliant girl is 
recalled. Not understanding the reason for very unusual 
and inconsistent answers to several exercises the young 
lady was called in for a consultation. It developed that 
she had accepted the test as a challenge,—that the test 
was made up of a series of catch questions; therefore 
she must be on the defensive from the very first moment. 
She would decide upon the answer which appeared to be 
correct, then would indicate the opposite response with 
an ‘‘I’ll show you”’ attitude. It should be added that 
this young lady was a sophomore in college, and an un- 
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usual student both from the standpoint of scholarship 
and attitude. So serious was she concerning her scholas- 
tic work that she could not afford to be caught napping. 
This suggests the necessity of going beyond prescribed 
formulae in preparing the minds of the individuals for 
a favorable reception of test and analysis materials,— 
something which the teacher who is not of the proper 
temperament, and who is not especially trained, cannot 
do,—the theories of many who would reduce to mathe- 
matical formulae the analysis of human character, to 
the contrary notwithstanding. 


* Mr. Earl B. Morgan in an excellent article on in- 
terviewing calls attention to the fact that many people 
do not represent themselves as they are when they ap- 
ply for positions. The college student especially is ill 
at ease and artificial. This artificiality camouflages the 
real self to such an extent that a great deal of ‘‘spar- 
ring’’ is oftentimes necessary before the real qualities 
of the individual are revealed. There is the constant 
danger that the self-analysis record will not be a com- 
plete blue-print, or a correct blue-print of the individual. 
Subjectively, the individual will miss the point of self- 
analysis, going away under an illusion if such an arti- 
ficial mental attitude predominates. These dangers be- 
come all the more apparent where self-analysis results 
are interpreted literally and used objectively. Self-analy- 
sis is the more sinned against, perhaps, in this tendency 
which is not at all unusual for those untrained in per- 
sonnel problems to consider it a formula, the working 
thru of which, irrespective of limitations which have 
been pointéd out, will do the individual good,—and will 
give a fairly accurate picture of his personal qualities. 
This attitude apparently is the result of no very definite 
understanding of individual differences. This evil can 
in part be overcome thru the recognition that the 
interpretation of self-analysis results, and the interview- 
ing which must follow, should be the job of an expert 
who understands his responsibility. 


* “Interviewing for Selection”. Industrial Management Magazine, April 
1, 1921. 
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Treatment of advantages and disadvantages or limi- 
tations has been taken up in reverse order because of 
the writer’s enthusiasm for the advantages of self-analy- 
sis where conservatively and sanely administered. The 
final impression should be one of faith and confidence in 
a proper self-analysis device. There are many argu- 
ments in favor of self-analysis. First, it helps to place 
responsibility for important evaluations where it belongs, 
—upon the shoulders of the individual himself. A large 
portion of that ‘‘getting by’’ attitude which is obvious 
at most school levels is due to that spirit of rebellion 
which the student feels toward the system which places 
so little personal responsibility upon him. Self-analysis 
is an effort to have the student or employee analyze his 
own case. The rater should not have to be to!d his weak 
points by the interviewer. In consistently passing thru 
the experiences provided for in the blank the rater’s 
weak points may be revealed to him. Illustrative of such 
benefits, the following example from the writer’s exper- 
ience is offered: Three young men desiring clerical work 
called at a placement office. It could almost be seen at 
a glance that none of them was suited for office work of 
any sort. After a courteous reception they were request- 
ed to write brief letters of application, describing that 
type of clerical work for which each felt himself best 
suited. The interviewer continued his work with other 
cases, noticing the progress of the three applicants inci- 
dentally. After a few minutes each applicant had de- 
cided that he didn’t care to attempt clerical work. None 
had gotten far beyond the salutation in his crude attempt 
at writing the letter of application. The interviewer 
was free to aid the individuals after they had partially 
analyzed their respective cases. 

Self-analysis should cause the rater to feel responsible 
for courses he is pursuing, especially on the higher school 
levels, and for indicated vocational preferences and 
choices. Many college students can give no consistent 
reason for being in college except the vague impression 
that college training is held to be the most adequate prep- 
aration for larger responsibilities. A larger percent- 
age of students are even more helpless when asked to 
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justify certain courses they are pursuing, above others. 
In the first blank used at Bradley Institute the question, 
‘‘In what department are you enrolled at Bradley?’’ was 
deemed sufficient to secure a definite response. Tabula- 
tion of responses to this question revealed several in- 
stances where the student couldn’t name a definite de- 
partment. For irregular or special students to find dif- 
fieulty in responding to this question was not consid- 
ered unusual. For regular students to have difficulty, 
as several did, indicates manifest ignorance of college 
curricula and department organization. There occurs 
to the writer an instance of a college entrant’s being 
in a dilemma as a result of two widely divergent objec- 
tives, this being typical of several cases coming under 
his observation. The student, as a result of his own se- 
lection, had two alternatives before him,—a course in 
business administration and the course for teachers of 
manual arts subjects. Coming from a small high school, 
he was face to face with the responsibility of choosing 
one of these widely variant courses within a twenty-four 
hour period. The matriculation machinery of the col- 
lege was not designed to meet his need, or the needs of 
others in a similar situation. Some college agency must 
accept this serious responsibility. If self-analysis can 
reveal conditions which make special machinery neces- 
sary it will have performed great service. The pathos 
of this situation suggested the inclusion in the Bradley 
analysis blank of the following directions: ‘‘State three 
reasons for electing the course which you have checked’’, 
and ‘‘State three reasons why you think the vocation or 
profession which you have indicated is the best one for 
you’’. It is hoped that there may be encouraged a greater 
feeling of personal responsibility for life-career choices, 
and for courses elected and followed. 

The self-analysis record will be suggestive of the 
problems which must be approached in the inter- 
view. There is usually an indication of unity or 
lack of unity in the rater’s plans and habits. Brief 
description of two contrasting cases recently observed 
in analysis blanks handed the writer for evalua- 
tion are significant. CASE No. I was a high school 
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senior, a young man twenty-two years of age. He 
expressed preference for electrical engineering as a vo- 
cation. His record of reading habits revealed the fact 
that he was not interested in such current magazines as 
‘The Scientific American’’ and ‘‘Popular Science’’, a 
musical journal being the only technical journal in which 
he expressed interest. He was interested in no club or 
social activities except as revealed by his membership 
in a young people’s society of the church in which he was 
a member. He had no hobbies which were in any way 
connected with his vocational preference. His incidental 
occupational experience gave no evidence of a back- 
ground suggestive of his vocational preference. His lack 
of leadership ability, absence of affiliation with social 
groups, and his over-age indicated that his ability was 
ordinary. He indicated his enjoyment of a book, ‘‘The 
Life of Edison’’, which was probably the basis for his 
vocational choice. 

CASE No. II was a high school senior, a young man 
eighteen years of age. He indicated salesmanship of me- 
chanical appliances as his desired vocation. He had 
been employed during several vacation periods in a 
wholesale house which .handled mechanical appliances. 
He read ‘‘The Scientific American’’ and ‘‘Popular 
Science’. As one of his hobbies he liked to ‘‘fool 
around’’ the physical laboratory at odd times and after 
school hours. He had elected scientific subjects as a 
major interest. His success in dealing with others was 
indicated in his position of leadership in several high 
school organizations. As a final response he indicated 
that he had already secured employment with the firm 
for which he had worked during vacations. 

The first of these cases reveals an evident lack of 
consistency which is highly suggestive of unwarranted 
objectives. In the second instance the unified and con- 
sistent series of reactions give a record of an individual 
who has largely handled his own case. In the absence 
of personal contact experience with these two students 
it would be dangerous to take the analysis blanks as 
sole criteria for dealing with them; nor is this a neces- 
sary function of self-analysis. As an aid, the informa- 
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tion secured will point out in advance of any interview 
which may be found necessary or advisable, certain of 
the outstanding problems to be approached and dealt 
with, indicating the possible points of contact. The sav- 
ing of time which accrue to both the interviewer and the 
interviewed is no small item. Where provision is made 
for periodic checking-up,—that is, giving opportunity for 
the rater to record changed and additional points of view 
from time to time, the self-analysis system falls heir to 
the advantages of the cumulative record. 


One advantage of self-analysis which should not be 
overlooked is its value as a test of ability and of cer- 
tain educational essentials. It indicates the individual’s 
efficiency in meeting new situations. It could be inferred 
with considerable reason that CASE No. I would fall 
rather low on the mental scale for his group, while CASE 
No. Il probably would fall rather high on such seale. It 
should be understood that all judgments based on self- 
analysis results should be tentative and elastic. The gen- 
eral tendency for records to be indicative of ability, how- 
ever, is plain. 


In presenting the following general outline of content 
for a self-analysis blank, no wide departure is made from 
several blanks already in use. The chief purpose of the 
present paper has been rather to raise certain questions 
with respect to the form in which essentials are present- 
ed, to question certain methods of procedure in admini- 
stration, and to emphasize certain good features already 
employed by the more conservative and constructive en- 
thusiasts of self-rating. Summaries on. each general 
item submitted embody the principles already set forth. 
The following general divisions would seem essential 
for a comprehensive self-analysis device for college ~ 
freshmen. With slight modifications they could be 
adapted for any school or industrial level: 


1. Personal items,—age, sex, home address, school 
address, ete. 


2. Family record,—nationality, religion, social, oceu- 
pational, financial. 
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3. Education,—Schools attended, grades completed, 
subjects liked, subjects disliked, permanency or change 
of interests, course being taken up and why, ete. 


4. Past vocational experience,—important jobs held, 
those liked and those disliked, and why. 


5. Rating in character qualities,—those held to be of 
universal importance. In certain instances those mak- 
ing for success in particular job, school course, etc. 


6. Outside activities,—clubs and organizations, social 
and literary activities, athletic and recreational activi- 
ties, hobbies, reading habits, ete. 


7. Indication of vocational likes and dislikes. Voca- 
tional preference or choice, with justification. 


Responses to items ‘‘1’’ and ‘‘2”’ will furnish that sort 
of routine information necessary in any sort of counsel- 
ing. Information pertaining to religion and financial 
status must be secured tactfully, where such information 
is necessary. The financial status of the family can per- 
haps best be secured indirectly through such items of in- 
formation as ‘‘occupation of father’’, ete. Most indi- 
viduals will not resent requests for personal information 
of this character if they have confidence in those in 
charge of administration and are ‘‘sold’’ to the advant- 
ages of the effort. : 

Content which should come under ‘‘item 3’’ has al- 
ready been discussed at some length. A record of inter- 
est in school subjects should extend over the entire school 
period. The student should be permitted to have access 
to his record from time to time for the purpose of mak- 
ing note of any change of interest which he may have 
experienced. He should always feel responsible for 
courses pursued to the extent of justifying himself to his 
own personal satisfaction, and to the satisfaction of those 
of his advisors who are seriously interested. 

Item ‘‘4’’ should provide suitable opportunity for list- 
ing all jobs of importance held: any preference for, or 
dislike of, any particular kind of work should be noted. 

With respect to ‘‘character qualities’’ it should be 
added that the best modern practice points toward 
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greater simplicity with respect to number and character 
of qualities used. The qualities used should be stated 
in terms which are understood easily, and upon which 
there should be as much agreement as possible. There 
should be as little overlapping of meaning of terms se- 
lected, as possible. The number of such general quali- 
ties should perhaps not exceed five or six. A larger num- 
ber necessarily involves more overlapping of meaning, 
and increases the complexity of the device. In stating 
the degrees of each quality, the increasing use of adjec- 
tives rather than numerals would seem justified. Each 
degree of general quality should be defined clearly, fre- 
quent use being made of simple, illustrative examples. 
All this should be done cautiously, with the idea of in- 
creasing complexity as little as possible. Where the 
analysis pertains to the relations of the student to some 
particular department, the qualities should be selected 
according to what is most important in such department. 

Item ‘‘6’’ should place emphasis on activities such as 
are not emphasized sufficiently by most educational in- 
stitutions. Information secured should bring a whole- 
some message as to what is not being done with respect 
to extra-curricular activities, to educational authorities. 
Perhaps thru contacts as a result of investigations in 
this regard the personnel department can ‘‘sell’’ iself 
to students as it could in no other way. Information as 
to reading habits will prove helpful. 

Importance of serious thinking with respect to proper 
selections of life-career has been discussed. Any ma- 
chinery for stimulating thinking should be as clear and 
simple as pgssible. Dr. Miner’s contribution in this con- 
nection is doubtless the best yet proposed. The ma- 
chinery should provide means for the student to justify 
any vocational selections or preference stated. His 
own responsibility should be kept clearly before him. 

Advantages of self-analysis have been presented with 
the assumption that self-analysis systems will be ad- 
ministered, and results used properly. Responses se- 
cured cannot be accepted at indicated face value. The 
device becomes dangerous rather than helpful when used 
in any other than a supplementary way. Self-analysis 
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cannot be said to be scientific. The best that can be done 
is to ‘‘cast bread upon the waters’’, with hopes for as 
large a return as possible. Individual human character, 
so many are its variable qualities, baffles any sort of com- 
plete quantitative or qualitative determination. As a 
formula self-analysis cannot be a success; as a means 
of summing up hints and indications to be faced in the 
interview, it may be helpful. Perhaps the greatest value 
of conservative self-analysis, that of subjective effect on 
the rater, cannot be appreciated because it cannot be 
measured. 


ILLINOIS STATE ACADEMY OF SCIENCE 
THE IDEAL ASPECT OF PSYCHOLOGY 


G. J. Kirn, Nortuwestern 


Since I was introduced to the subject of Psychology 
thirty-five years ago great changes have occurred in its 
fundamental conceptions and definition. In some re- 
spects there have been unexpected expansions and in 
others equally startling limitations. I have no doubt 
but that both have added much to the general interest 
in the subject. During this time the definition of Psy- 
chology has changed many times. At the earlier date 
we defined it as the ‘‘Science of the Soul’’; later we de- 
fined it as the ‘‘Science of the Mental Life’’, the ‘*Science 
of Consciousness’’, the ‘‘Science of Human Behavior’’ 
and more recently as the ‘‘Science of Behavior.’’ 

The first change in definition grew out of the acute ob- 
servation of David Hume, who asserts that no matter 
how carefully he introspected he never found anything 
to which the term ‘‘soul’’ could apply. He always found 
himself conscious of a content but never of a so-called 
container. The subsequent observations of philosophers 
have confirmed Hume’s position and have made the sub- 
stance theory rather unpopular. That change in meta- 
physical conception has made the original definition 
of psychology quite inadequate. A second reason for the 
changes is found in the separation of psychology from 
its parent, philosophy. It has taken the course of the 
other sciences which have proceeded to an intenser study 
of their subject matter by abstraction and self limitation. 
The psychologist proceeds oblivious of what other people 
are doing in other fields, unless it be in the field of bi- 
ology, for which psychology seems to have a special af- 
finity. In some cases it appears as though psychology 
is little more than a study in physiology. The third 
reason is found in the disposition of the scientist to have 
objective criteria for measurement. Consciousness is too 
subjective and too individualistic to be the subject mat- 
ter of science. Science must have objective data which 
can be subjected to experimental investigation and math- 
ematical measurements. And still another reason is 
found in the pragmatic tendency of the age. The tend- 
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ency of pragmatism is to discard all theorizing that can- 
not be turned in for its cash value, apparently forget- 
ting that science is generally called upon to work out 
consistent theory before it attempts to make practical 
application of it. I am not underestimating the method 
of the pragmatist. I interpret the meaning of ‘‘satis- 
factoriness’’ as used by Professor Dewey to mean the 
successful vindication of an hypothesis by the careful 
consideration of all pertinent facts. In the history of 
science the theoretical stage always has preceded its 
practical application. 

I certainly am not opposed to the application of psy- 
chology to the practical affairs of life. For twenty years 
I have been offering courses in General Psychology to 
which I have added courses in Genetic, Experimental, 
Educational, Social, Abnormal, Religious and Applied 
Psychology. I am not born a prophet, but I can foresee 
with considerable clearness how the results of the psy- 
chological laboratory will greatly augment the efficiency 
of the people who will accept its offer. That applied psy- 
chology needs objective standards is beyond dispute. It 
certainly is fascinating to study the behavior of people, 
to ascertain individual differences, to watch modifica- 
tions resulting from a learning process, and to observe 
to what extent changes depend upon environmental con- 
ditions. The changes which have occurred in industry 
due to the application of psychological discoveries to the 
task of the worker fully justify the enthusiasm which 
the practical psychologist has for his limited specialty. 

This great achievement in applied psychology, how- 
ever, should not blind us to other psychical facts which 
are no less obvious. For forty years I have made a study 
of the psychological basis of ethics and religion. I am 
thoroughly convinced, as every student of the subject 
knows, that religion and ethics are not objective sys- 
tems formulated and turned over to man for his pledge 
of allegiance. And yet the phenomena of religion must 
be reckoned with. I do not find religion to be primarily 
fidelity to an institution but loyalty to personal ideals 
which have a psychical basis. I am fully aware of the 
contention that these problems must be turned over to 
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the philosopher for final settlement. I am not opposed 
to this division of labor in the field of research, but I do 
object to the dogmatism of the psychologist who sees in 


the psychical field nothing beyond his self-imposed limi- 
tations. 


Functional psychology has many points of advantage. 
I was one of the first to use Prof. Angell’s psychology in 
my class room. I think it an excellent method of study- 
ing psychical processes. According to this theory, the 
psychical stands for the readjustment of the organism 
to sensory stimuli in accordance with retention traces 
of previous experiences. The retention traces are the 
product of the sensory stimuli, the motor responses and 
the sensory consequences growing out of the motor re- 
sponses. The association centers retain these exper- 
iences and later, even without an external stimulus the 
whole process may be set in operation. The cerebral 
rehearsal of this previous experience becomes a check 
and determines the response when the original stimulus 
is again experienced. This accounts for the complex 
mechanism of the mental life. The value of this pro- 
cedure cannot be discounted. The adjustment of the 
organism will always be a pressing problem, but it does 
not exhaust the meaning and function of the psychical. 


Psychology has done well to abandon the sterile con- 
ception of a soul substance, but it would be unpardon- 
able recklessness to abandon the concept of psychical 
energy, or a psychical life. Whatever the metaphysician 
will say ultimately about life it will always be recognized 
by its striving toward ends. Darwin made his great 
contribution to the thought of the world when he pointed 
out that life proceeds according to law and that these 
laws are not mathematical or mechanical. Living organ- 
isms do not merely adjust themselves to what is but are 
selective of the parts of the environment to which adjust- 
ment is made. Insects and animals with more definitely 
organized instincts make their own environment, as is 
seen clearly in the ant, the bee and the bird. In human 
behavior we must reckon with impulses that make for 
spiritual goods, such as literature, art and science, and 
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becomes the urge to social, political, ethical and religious 
ideals. 

Dr. Prince has done some excellent work in the study 
of multiple personality. His striking conclusion is not 
the mystery of multiple but the achievement of unitary 
personality. Instead of looking at the ego as a unity 
with various faculties, he considers it to be a composite 
structure built out of psycho-physical dynamic mechan- 
isms, called instincts, each having within itself its own 
driving force. Each instinct is a dynamic mechanism 
striving toward an end. The ends differ and often are 
in conflict wth each other. Personality, as Professor 
Angell points out, possesses intrinsically tendencies to 
unify and organize these instinctive tendencies into a 
consistent and harmonious whole. 

Let us now take up the study of the psychical life in 
greater detail to see what ideal tendencies it discloses. 
Instincts are more or less definite mechanisms of be- 
havior. They serve the purpose without previous train- 
ing to adjust the organism to its environment. They 
may be explained mechanically, as the result of open 
synapses in the cerebro-spinal system. They may be ex- 
plained genetically by referring to the evolutionary pro- 
cess by which they came into being. They doubtless arose 
because they have survival value for the organism. 
While it is true that the mechanism of instinct requires 
a stimulus to set it going, the resulting action is not in 
the strict sense a mechanical product, because the re- 
sponse looks forward to the good of the organism. The 
end is often quite remote. The bee gathers wax and con- 
structs its cell in order to store up its honey. The food 
instinct impels to the immediate gratification of hunger, 
but it serves a remoter purpose in storing up glycogen 
in the muscles, nerves and liver for future use when the 
relations between the organism and environment become 
strained. The mastery impulse strives immediately to 
overcome a present obstacle to the well-being of the or- 
ganism, but a remoter end appears in the feeling of 
satisfaction growing out of the consciousness of its own 
superiority. It lies at the root of the problem solving 
disposition. When coupled with the social instinct ‘it 
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expresses itself in the potent urge to social excellency. 
Doubtless the highest forms of satisfaction are not found 
in the hedonic consequence of sensory stimulation but 
in the consciousness of difficulties mastered. Even the 
sex instinct, while it consists of an immediate impulse 
towards the object of its love, has a remoter meaning in 
the perpetuation of the race and the foundation of the 
one of the most important social institutions, the home. 
Again, consider the instinct of curiosity, which, starting 
with a manipulatory disposition for the purpose of dis- 
covery, when stimulated by an object, a noise, or a taste, 
is nevertheless an urge to far reaching explanatory re- 
search. Simple as it may appear in the animal or in the 
young child, it is the dynamic that moves the scientist 
to unravel the mysteries of nature. 

There can be no doubt that the discoveries of the 
scientists have had great practical value when applied to 
the affairs of everyday life. I am the last man to quar- 
rel with the pragmatist at this point, but I am convinced 
that the great urge felt by the scientist is not primarily 
practical utility. It was rather a more consistent and 
harmonious organization of experience. It was the inter- 
est of the knower in the thing to be known. At any rate 
I cannot see what great practical difference it would 
make to the multitude of earth’s toilers whether the 
‘‘Nebular Hypothesis’’ of LaPlace or the ‘‘Planetesimal 
Theory’’ of Chamberlain and Moulton will ultimately 
prove true. And yet the Chicago men have worked long 
and hard that they might organize astronomical facts 
into consistent and harmonious relations to each other. 
Man has the conviction that the universe is a and 
feels a strong impulse to know it. 

The hostility of nature to man and his entinsiions is 
apparent to all. We need no Schopenhauer to tell us 
that from the standpoint of human interest nature must 
be reconstructed. Nature does not adequately shelter 
man from her own inclemencies. Little of the food he 
eats is allowed to remain in the form in which he finds 
it. The swamp and marshes are not compatible with the 
cultivated tastes of the artist. The landscape gardener 
does not adjust himself to what he finds, but aims to re- 
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construct and transform what he finds into similarity 
to his artistic ideal. The artist is creative, and true cre- 
ation starts with the ideal which it aims to embody in a 
concrete form. Artistic creation can be explained only 
by assuming that the psychical life has ideal tendencies. 

We may proceed to study the percept from the stand- 
point of its mechanism. We may say that it is the pro- 
duct of sensory experiences, which leave retention traces 
in varying degrees of complexity. When subsequently 
any one of the particular stimuli that figured in the orig- 
inal is experienced, it tends to reproduce the whole com- 
plex of previous experience. There is, however, another 
aspect to perception. It has an important function for 
the organism. At any time when a stimulus is exper- 
ienced the organism anticipates the experiences asso- 
ciated with it, thus enabling the organism to make favor- 
able adjustments to consequences which it anticipates. 
In the strict sense of the term the percept is an ideal 
construction, perhaps never an adequate construction, 
for the organization of sensuous experiences, and fune- 
tions as a plan for action. 

The higher forms of -thought disclose more clearly 
their teleological aspects. Thinking starts with a felt 
need. The thinker recognizes the need of something not 
possessed. The possession of the longed for becomes 
the pressing problem. The solution of the problem con- 
sists in the dramatic rehearsal of all possible suggestions 
and the final adoption of the suggestion which carries 
with it the best evidence of its adequacy. In a genuine 
thought activity the problem is a new one and the solu- 
tion also must be novel. It always requires a readjust- 
ment of the mechanism of the past with reference to a 
future or ideal contingency. 

I think a study of the facts we have fragmentarily 
pointed out thus far lead us to assume that the psychical 
is a life proceeding to organize its experiences into a 
consistent and harmonious character. It not only pre. 
serves the memories of the past but also makes a fore- 
cast of the things that are yet to come. It is impelled 
by the conviction of a causal interrelationship of all phe- 
nomena of experience and is impelled to recognize that 
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its conduct must be consistent with rational ideals. I do 
not ask that we accept the theory of a soul substance, nor 
am I prepared to argue the theory of the vitalist. But 
I do ask that the psychologist be true to the facts which 
his subject presents. The psychical life is fundamental. 
It will not allow itself to be made a mere instrument for 
the adjustment of the organism to its environment. It 
will not yield itself to the status of an efficiency machine. 
It has ideals of its own and thus becomes the foundation 
of philosophy, sociology, education and religion. These 
subjects are commanding the respect of the world be- 
cause they are the natural and legitimate outbudding of 
the psychical life. 
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FURTHER DEVELOPMENTS NEEDED IN TESTS 
FOR MENTAL MEASUREMENT 


Ciara Scumitt, Burgau or Stupy, Cuicaco 


The practical or clinical psychologist of today makes 
much use of the terms intelligence, mental age, intelli- 
gence quotient. He is asked and expected to settle cer- 
tain social and educational problems on the basis of these 
terms, and what is vastly more important, the fate of 
individuals who at some points of social adjustment are 
atypical. The authors of scales of mental measurement 
ask us to assume for the most part that these terms indi- 
' cate something fixed, innate, and relatively unchange- 
able. Much in the way of mathematical proof has been 
adduced to justify the assumption. 

To the conscientious psychologist, holding the fate of 
some definite individual in his hand, there comes the won- 
der as to just what these terms mean. Shall he send a 
delinquent child with a certain I. Q. to the home for 
the feeble minded, and another a few points higher back 
to the privileges of social liberty? Shall he place this 
child in the room for special defectives in the school, 
and recommend another no farther advanced scholastic- 
ally for residence with his normal fellows? Are I. Q.’s 
in themselves a safe guide to decision? What does the 
I. Q. represent? Do the terms intelligence, mental age 
and I. Q. cover the same ground fundamentally as their 
authors would have us believe? These questions are be- 
ing asked here and there with the accompanying element 
of doubt implied in most questions. The answers, both 
on the part of the doubters and the apostles, have always 
come in the form of more mathematical statistics. In 
my opinion the answer can not be deduced from this 
souree, but from analysis of tests themselves and the 
relation of their character to the various known factors 
of growth and development. 

The term intelligence is capable of two constructions 
of meaning and is used so loosely in the literature of men- 
tal testing that the reader can only guess at times which it 
is intended to mean. This point must be cleared up before 
we can proceed, and tests of mental ability must be 
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analyzed and related to the various phases involved in 
the definition of intelligence. The various phases of de- 
velopment which may enter into the concept mental age 
must be enumerated before that term can be definitely 
understood. If this were done one of four problems, the 
problem of the upper limit of development, could be de- 
fined in an understandable way. At present, with one 
person maintaining that it is at sixteen and another at 
thirteen or some other point, one can only ask, ‘‘ What do 
they mean?”’ 

At the risk of seeming very much more certain about 
these points than I am, I shall enumerate the various fac- 
tors which may be involved in the use of the terms under 
discussion. In the first place, there is that very 
necessary machine, a nervous system. The com- 
plexity of its development and interrelations of cel- 
lular connections correlate with the complexities of 
behavior. Intelligence in this sense indicates possibili- 
ties of complexities of behavior or adjustment. In our 
thinking and use of terms it must be contrasted sharply 
with the forms of its expression which may relate them- 
selves wholly or in part to the physical or cultural en- 
vironment and to training. We should know, or strive 
to know, whether our tests measure this innate quality, or 
measure in addition to it something due to training or 
which could not be expressed without a certain definite 
training. For example, the civilized child who has 
learned to read has expressed this innate quality in a cer- 
tain form which is the result of formal training. The 
savage who learns to read the meanings of the signs of 
life in the forest about him has expressed it in another 
form, which is, perhaps, as much the result of a 
definite training. If these two factors are differ- 
entiated clearly in our use of the term intelligence 
we simplify and make definite the problem of the 
upper limit of development, tho not necessarily at 
once the answer to it. Donaldson, in his ‘‘Growth 
of the Brain,’’ expressed a wonder about this 
problem with the same lack of clarity of definition. He 
observed that about eighty percent of brain growth in all 
of its aspects is completed at seven years of age and that 
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the other twenty percent is distributed thruout the re- 
mainder of life. He observed, too, that the adult is ap- 
parently an entirely different creature mentally than the 
child of seven, and he was led to ask whether this small 
percent of growth might not be of such difference in 
quality as to bring about this result, forgetting the effect 
of training which, in standardized and formal ways, be- 
gins at seven. The further researches of Donaldson and 
his students indicate that brain growth ceases at a much 
earlier age than seven. 

If the term intelligence connotes this innate capacity 
related to neural growth, then development ceases at this 
early age and not at thirteen or sixteen. If intelligence 
connotes the results of training and formal education in 
addition to innate structure, then it probably ceases only 
with senility. The average child of thirteen has, for ex- 
ample, a certain knowledge of mathematics, namely arith- 
metic. In high school he makes a readjustment of this 
knowledge to fit more complex forms, algebra and ge- 
ometry, which in turn are capable of further readjust- 
ment into the more complex forms of college mathematies. 
He has a certain rather simply organized body of histor- 
ical knowledge, United States history, which is further 
evolved into high school and college history. He has 
certain vocabularies which are increased quantitatively 
and qualitatively by the new terms of the new sciences 
and literatures of the higher schools. When our psy- 
chologists declare that mental development of the race 
stops at a certain point as measured by certain scales, 
would it not be well to analyze those scales before assum- 
ing that fifty percent of the race is innately inferior? 
Might we not ask how much of the test is the result of 
formal training which for the greater part ceases at 
thirteen? More mathematics will not help us here. This 
attitude is supported by Freeman and others who have 
maintained that the flattening of the curve of mental 
growth at the adolescent period is due to the character of 
the test and not to a phase of development. 

The problem of maturity of development at any age is 
a variation of the problem of limit of development. That 
there is a quality due merely to having lived at all, which 
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we may denominate maturity of development at any age, 
seems certain. It is a correlate of certain phases of phy- 
sical development. It is shown in the case of the child 
over six who can sit quietly in school as contrasted with 
the younger child who can not do so; the child who can 
give a concentrated attention to work as compared with 
the young child who is more easily diverted and dis- 
organized. How is this factor shown in our mental age 
scales as apart from the qualities due to formal teaching? 
It is a very important one in the cas of many children 
who constitute school problems, children who in many 
cases are not retarded seriously, or are even bright ac- 
cording to test results, but who in the first grade are 
slow to learn to read or fail at various points above the 
first grade to adjust effectively to the conditions of 
school work. Some of the tests measure this factor, but 
they are not followed out consistently for all ages. It is 
the assumption of the author of the scale most in use, the 
Stanford Binet, that the I. Q. at certain values measures 
this factor, but there are involved in the I. Q., also, tests 
which measure formal training, and with the lack of the 
results of this training mixed with the other results we 
cannot know what the final mathematical statement does 
mean. 

The problem of what qualities distinguish the dull child 
as opposed to the definitely subnormal or moron child 
is confused also by the scale in general use. Terman 
associates the diagnosis of dullness with an I. Q. of eighty 
to ninety. But what constitutes the mental quality of 
dullness disassociated with this mathematical term needs 
to be explained. The tests which require formal train- 
ing for their performance at certain ages may make the 
final diagnosis doubtful. I should like to suggest that 
certain qualities of reaction to tests of reasoning ability 
or learning ability should be taken as the criterion of 
dullness rather than the I. Q. statement. I am accus- 
tomed to make this diagnosis for the child in school who 
does not fail with the tests, but who needs to be taught 
their meaning in certain instances, or given more than 
the standard amount of time in others, or more than the 
standard number of trials in still others. Needless to 
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say, these variations in performance from the fixed nor- 
mals are faithfully recorded, since a reeord of an 
examination which records only failures and suc- 
cesses according to the fixed standard is of little 
value in the analysis and diagnosis of most cases. 
Apropos of this point I may remind you that one re- 
viewer of the Stanford Revision stated as the highest 
form of praise of it that it had been made ‘‘fool proof”’. 
In my opinion this is a very dubious praise. To the 
thoughtful observer the complexities of mental growth, 
the interrelation of its various factors, to say nothing 
of the effect of emotions, attitudes and the various phases 
included in the Freudian type of psychology, are too 
great to be intrusted to the judgment of a person me- 
chanically trained in the administration of a seale of 
averages. These facts are being admitted constantly by 
psychologists and psychiatrists, but in actual practice 
much of their diagnoses are derived from a mathematic- 
ally and mechanically derived I. Q. obtained through the 
testing made by relatively untrained persons. 

Another factor in mental development is the effect of 
a foreign language or an illiterate cultural environment 
which cannot be evaluated from an I. Q. rating. I wish 
to define the term illiteracy in this sense as a depriva- 
tion of the products of culture, rather than a lack of 
ability with the mechanics of reading. The home which 
does not possess books or access to books of the sort 
current in modern life, or does not take a newspaper or 
magazines, provides what I wish to call an illiterate en- 
vironment. There are thousands of such homes in our 
cities and in many country districts. This condition of 
illiteracy is extreme in the remote country districts of the 
South from which so many negroes are coming to our 
northern cities, bringing with them the great problem 
of adjustment to our city school system. In connec- 
tion with this problem I do not wish to be interpreted 
as considering lightly a test which makes use of lan- 
guage or thinking through language mediums. The high- 
est form of mental activity, namely abstract reasoning, 
ean be carried on only through this meaium. However, 
in order to use it for such a purpose one must have 
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much training and experience with the medium itself. 
To one always accustomed to the cultural environment, 
all language forms of expression seem to carry a 
parallel meaning. For instance, most verbs and nouns 
do so; they are related directly with what they are in- 
tended to express. But certain forms of expression do 
not. <A definite example of this in the scale is that ab- 
surdity of the ten year group, ‘‘An engineer said that 
the more cars he had on his train the faster he could 
go’’. To our minds, trained or accustomed to the forms 
of logical expression, this seems to connote a meaning 
which is correlated with the words used to express it as 
in the verb run with a definite act, or the noun house with 
a definite object. But to the child from a foreign en- 
vironment this is not the case. Often have I seen the 
puzzled expression when the child is asked to consider 
the terms, ‘‘the more—the faster’’, to be cleared up in- 
stantly when the examiner changes to the statement, 
‘‘The engineer said that when he wants his engine to go 
faster he puts more cars on the train.’’ Many of the 
words used in the various tests as well as the vocabulary 
test are common only in cultured environments. The child 
from an illiterate home or a foreign language parochial 
school does not know them. In analyzing a reaction to 
any one of these tests the examiner needs to separate 
the underlying fact of mental activity which the test may 
bring out from the understanding of forms of expres- 
sion used in the test. This kind of analysis and ad- 
justment of the tests to suit conditions has not been 
welcomed generally by authors of scales of mental abil- 
ity. 

In meeting the criticism of the suitability of his vo- 
cabulary test, Terman cited data from a number of Ital- 
ian and Portugese children, with the following conclu- 
sion: ‘‘The fact that these children had learned another 
language before learning English is reflected in their 
inferior vocabulary scores for three or four years after 
entering school. After that, however, the vocabulary 
catches up with the mental age. After the mental age 
of twelve years, these children are practically on a par 
with their fellow pupils of the same mental age level who 
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have known no other language than English’’. In this 
conclusion a number of the factors here discussed are 
confused. A mental age without the vocabulary test is 
still almost as largely a test of vocabulary knowledge. 
However, one of the factors involved in a mental age 
rating is that of the innate qualities of intelligence, in- 
cluding thinking or reasoning ability. The child from a 
cultured environment, with opportunities for learning 
language expressions, who makes a certain low score may 
not be at all comparable with the child from an illiterate 
environment who makes the same score. Only an analy- 
sis of the tests and the relation of this analysis to cer- 
tain qualities of reaction not taken account of in the 
standards set for scoring, and these in turn to environ- 
mental factors, can be of help in the diagnosis of the 
essential differences of these two types. 


Another factor of mental development which needs to 
be taken into account at times is the effect of disuse of 
the mental faculties in certain ways upon test reactions. 
This problem is related especially to the negro child who 
has attended school not at all or but very little. His life, 
except for the farm work required of him, has been one 
which has been organized with reference to impulse alone, 
and not at all with reference to the set requirements of 
school with its attendant mental disciplines. One is im- 
pressed with the fact that these children seem to have 
no consciousness of their inner mental processes or of 
methods of their control. Their mental life is objective. 
An example of this difference may be found in the pro- 
cess of counting backward when compared with count- 
ing a row of objects. The child of four or five counts 
objects, but has not arrived at that state of mental de- 
velopment which enables him to make the counting series 
a matter of conscious control of certain mental processes 
with no outside objective relation. It is possible that 
this factor was involved in the cases of well-to-do farm- 
ers and business men reported by Wallin, who made 
scores which would technically justify a diagnosis of 
feeblemindedness. The question presented is, Is this 
ability of conscious subjective control of mental pro- 
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cesses one which may be developed by the working con- 
ditions of the school? 

Another factor involved in a few of the tests is lack 
of experiences of a motor and spatial type necessary to 
the development of the imagery underlying certain tests. 
One of the tests which requires such experience is 
the ball and field test which is difficult for our city 
children to realize. In our poor and crowded sec- 
tions many children have had no experience with a 
space so large that every part could not be seen 
readily. To ask them to consider such a one and 
at the same time to call it a field, of which they have 
never heard, is to assume a body of experience which 
they have never had and a resultant imagery which they 
do not possess. The children in the outlying districts, 
near what they call ‘‘the prairie’, have not this same 
difficulty, nor those who live near the market garden 
sections and know about the onion fields. Another test 
which relies upon such a type of imagery and experience 
is that absurdity, ‘‘I know a road which is downhill all 
the way to the city and downhill all the way back home’’. 
Our Chicago children have no imagery or experience 
with a country road; they do not know the term. They 
never saw a hill, for we have not one in all Chicago. There 
is no such thing for them as going from their house to 
the city. A variation of this test involving the same 
idea but appealing to a familiar background of exper- 
ience may take the form, ‘‘A boy said, ‘My room is on 
the top floor of the building. I go downstairs to get to 
the street and downstairs to get back again.’’’ I am ac- 
customed to’ask children who fail with this test from 
apparently some other reason than general inability to 
think or plan or reason if they ever saw a hill or know 
what it is, with always a negative answer. One boy said, 
‘*Yes, by the Grand Trunk tracks at Forty-seventh 
street’’. This place is a slight decline covered with 
tracks, used for switching, I am told. With only this 
imagery as a back ground, what could this boy do with 
the test? 

As has been intimated, the factor of schooling is im- 
portant in test results. The fact of a child’s having 
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learned to read or not before the age of 8 years will 
tend to modify 10 of the 26 tests between the 8 and 12 
year groups, inclusive, with respect either to the actual 
subject matter of the tests or the vocabularies involved. 
Academic training varying from grammar grades to 
college will modify 8 of the remaining 18 tests of the 
scale. 

In summing up, let me say that the most pressing need 
now is that analysis of tests which will enable us to know 
what it is that we are testing in a given case. Our 
knowledge of the result can be valid only in so far as we 
know what our tests are. I have not mentioned here the 
influence upon test scores or mental development of sen- 
sory defects, certain generalized motor disabilities such 
as spastic paralysis, poor nutritional condition, poor 
health or attitude and temperament. Each one of these 
points could be elaborated into a long discussion. In 
taking my examples from the Stanford Binet scale, I 
do not mean to say that that is the only one concerned. 
Performance scales are involved in their own way. I do 
not at all think, either, a performance scale can take the 
place in all respects of a scale testing ability with lan- 
guage forms. The higher grades of intelligence can 
not be tested with any performance scale yet devised, 
though such seales may be used to test wide ranges of 
innate intelligence. The very general movement toward 
the development of group scales is a false economy in the 
development of mental testing. What we need is more 
intensive work on the side of analysis of the character 
and quality of tests themselves and the conditions under- 
lying their application. 
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A RADICAL EDUCATIONIST IN EARLY ILLINOIS 
R. F. Swirt, J ACKSONVILLE 


Higher education has been chiefly the possession of a 
limited and favored class. Its character has been de- 
termined largely by the desires, the needs, and the tra- 
ditions of such a class. Knowledge, perhaps for this 
reason, has been regarded as knowledge of things which 
do not interest the masses of men. It has been, one may 
say, characteristically aristocratic and remote from the 
daily life of the lower classes in society. Some educators 
believe that class distinctions and the traditions of so- 
cial status have determined what type of education and 
knowledge is valid. Hence knowledge about the normal 
activities of the masses and education for such activities 
have been regarded as unworthy of the name. Such, we 
are told, was the Greek conception and it has persisted 
until this day. 

The tendencies in modern democratic societies seem 
away from this view of knowledge and education. Knowl- 
edge about the activities of the common man is regarded 
by many today as equally valid with the knowledge of 
the nature of the universe and of man’s destiny. Knowl- 
edge is instrumental, not contemplative. Education 
therefore is most successful when most intimately asso- 
ciated with the daily pursuits of the learners. It is an 
instrument of control, not a beatific vision. The classi- 
cal tradition has lost its supremacy largely because it has 
seemed to have no sufficiently vital function in the nor- 
mal activities of the masses of men. The various classes 
of society are winning the battle for the right of special 
types of education based upon special needs and occupa- 
tions. Higher education is no longer limited to prepara- 
tion for leisure or for the few professions. 

The purpose of this paper is to call attention to an 
early advocate of this view of knowledge and education. 

Jonathan Baldwin Turner began his career as a pio- 
neer in building the civilization of the Middle West in the 
third decade of the last century as a professor in Illinois 
College. He gave his life to the cause of securing for 
the agricultural and the mechanical classes a prepara- 


. 
| 
| 


PAPERS ON PSYCHOLOGY AND EDUCATION 487 


tion for their occupations comparable to that given in the 
colleges of that day for the ‘‘learned’’ professions. He 
was a man of vigorous and positive mind, of broad cul- 
ture, and of splendid intelligence. He was a radical, not 
only in education but in religion and in politics also. Al- 
though himself a product of the classical tradition in 
education, he criticised it severely because he saw that 
it was in practice a class education. His criticism and 
his constructive work showed that he had a deep sym- 
pathy with all classes in society and that he saw the prob- 
lems of the early west. Not the least of his services was 
the perfecting after years of experimentation of the 
Osage Orange hedge which made small farms possible 
and proved the practical effectivness of his social vision. 
Professor Turner thought that the system of colleges 
then existing was too restricted with respect to the 
classes which were benéfited, that the preparation they 
gave was valuable mostly for the few professions only, 
and that there should be colleges which would do for 
the agricultural and the mechanical classes what the ex- 
isting colleges did for the traditional professions. He 
saw the beginning of the realization of his program in 
the establishment of the University of Illinois. 
Knowledge, he held, must function in the everyday 
pursuits of life if it is to be of value, and education must 
provide this knowledge not merely for one class but for 
all classes. The industrial classes *(Address at Griggs- 
ville, May 13, 1850) lacked the means of bringing the 
abstract truth in their occupations ‘‘into effectual con- 
tact with the daily business and pursuits”’ of life. Truth 
as taught in the colleges was concerned with a very dif- 
ferent world than that of the industrial classes. He 
advocated therefore a development of the science of the 
various industrial pursuits. The industrial classes 
‘‘want, and they ought to have the same facilities for 
understanding the true philosophy, the science, and the 
art of their several pursuits and of applying efficiently 
existing knowledge thereto and widening their domain 
which the professional classes have long enjoyed.’’ They 


* All quotations from “The Life of Jonathan Baldwin Turner” by Mary 
Turner Carriel. 


488 ILLINOIS STATE ACADEMY OF SCIENCE 


could not get this in the existing colleges for it was not 
regarded as valid as knowledge or as education. 

How were they to get such an education? First, there 
should be a National Institute of Sciences ‘‘to operate as 
the great central luminary of the national mind’’. He 
thought we possessed this in the Smithsonian Institute. 
In addition each class should have its own university, 
with subordinate institutions. Hach department should 
conduct annually a series of experiments. This, he 
thought, would be a means of good to all classes, would 
‘‘evolve and diffuse practical knowledge and skill, true 
taste, love of industry, and sound morality’’. 

This view naturally involved criticisms of the assump- 
tions of the classical tradition in higher education, in par- 
ticular, the validity of the claims made for language 
study and the doctrine of mental discipline. Education, 
he thought, should be liberal. But he doubted the ef- 
fectiveness of mental discipline even for the professional 
classes. His view of mental training is a good example 
of realistic thinking. He said, ‘‘No inconsiderable 
share of mental discipline that is attributed to this pe- 
culiar course of study arises from daily intercourse for 
years with minds of the first order in their teachers and 
comrades, and would be produced under any other course 
if the parties had remained harmoniously together’’. His 
definition of mental discipline would be difficult to im- 
prove. ‘‘The most natural and effectual mental dis- 
cipline possible for any man’’, he said, ‘‘arises from 
setting him to earnest and constant thought about 
things he daily does, sees, and handles, and all their 
connected relations and interests’. This is at once a 
defense of the value and the validity of knowledge con- 
cerned in the so-called practical concerns of life and a 
criticism of the looseness characteristic of much present- 
day education, for it involves earnest and constant 
thought as well as a vital relationship to daily pursuits 
or concrete problems. 

Professor Turner thought it absurd ‘‘to educate the 
man of work in unknown tongues, abstract problems and 
theories, and metaphysical figments and quibbles’’. He 
knew the sensibilities of the orthodox, however, and 
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thought that some might regard ‘‘the theories of such a 
course of education as too sensuous and gross to be at 
the basis of a pure and elevated culture’. He thought 
not, however. Such objects of study were as important 
as any, ‘‘unless, indeed’’, as he said, ‘‘the pedantic pro- 
fessional trifles of one man in a thousand are of more 
consequence than the daily vital interests of all the rest 
of mankind’’. Such men as Socrates, Franklin, and Kos- 
suth derived their education from their connection with 
the practical pursuits of life. ‘‘What we want from 
schools,’’ he said, ‘‘is to teach men . . to derive their 
mental and moral strength from their own pursuits.”’ 
The difficulty of providing schools and a literature suited 
to the wants of the industrial classes would be met by 
the methodical application of science. 

This view that the knowledge possessed by the work- 
man is real knowledge, that the source of all knowledge 
is the normal activity of human beings, and that educa- 
tion, even in the schools, is best derived from intimate 
connection of the individual with life activities and oc- 
cupations, is familiar doctrine. I thought it might be of 
some interest that they. were verified in the life and 
thinking of Professor Turner, who developed them in 
intimate contact with the conditions and problems of 
a new country and who came by them through earnest 
and constant thought about things which a pioneer daily 
does and sees and handles. 
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ON THE ORIENTATION OF AN ANIMAL IN A> 
PROBLEM-BOX 


Rutiepce T. Wittpank, Knox CoLLEece 


It is stated by Thorndike in his ‘‘Animal Intelli- 
gence’’’ that in learning to open the door of a problem- 
box a cat gradually associates the successful movement 
with the sense-impression of the interior of the box, so 
that the cat comes to perform the act as soon as it is 
confronted with the sense-impression. The particular 
impression with which the movement is associated is 
that of the button or other devise fastening the door 
on the inside. ‘‘It makes little or no difference whether 
the box from which a cat has learned to escape by turn- 
ing a button is faced north, south, east or west. * * * * 
* * * The cat will operate the mechanism substantially 
as well as it did before.’” 

That these statements of Thorndike’s,—to the effect 
that the animal’s orientation is to the sense-impression 
of the interior of the box, and that the changing of the 
position of the box does not make any substantial dif- 
ference in the successful adjustment of an animal which 
has already learned to turn the button,—are not always 
true, and perhaps never true, is indicated by the follow- 
ing experiment. 

A cat was allowed to learn to open a problem-box 
which throughout the learning remained in the same 
position, facing the east. The box was then turned 
through 180 degrees, and the animal reintroduced into 
it. The cat went through the pawing motion of turning 
the button, but on the east side of the box, although the 
door and the button were now to the west. 

The original learning, when the door was to the east, 
required twenty-eight trials. Two days afterwards the 
cat showed perfect retention of the habit. It was then 
that the box was turned through 180 degrees, and the 
cat put in again, the result being as noted above. All 
the conditions, including dishes of food equidistant from 
the four sides of the box, were retained as in the first 


1 Psych. Rev. Mon. Supp., No. 8, 1898, p. 15. 
* Thorndike: Educ. Psych., Briefer Course, p. 184. 
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learning, except for the one change mentioned. The ani- 
mal, in this second part of the experiment, went directly 
and immediately to the east side, where the door had 
been; and, after making eight or nine button-turning 
movements where the button had been, engaged in ran- 
dom movements until after three minutes and forty sec- 
onds it turned the button. Upon the next trial it at 
once directed its movements toward the button in its 
new position, and with hardly any superfluous motion. 
After this the box was placed in other positions—namely, 
90 and 270 degrees from the original one, and the cat 
went directly to the door and button, performing the 
correct act. 

The experiment was repeated with another cat, and the 
findings set forth above were corroborated in all essen- 
tial respects. 

The experiment shows that an association can be 
formed between the button as a stimulus and the appro- 
priate movement, but that this association does not come 
about until the box has oceupied several different po- 
sitions. The original orientation, when the box was fac- 
ing east, was with other, no doubt external, features of 
the environment rather than with the sense-impression 
of the interior of the box. 

The results of this experiment accord with Carr’s find- 
ings relative to the orientation of rats in a maze. The 
maze was covered with a canvas top about two feet above 
the glass, flaps extending all the way down on the four 
sides. There was a peep-hole, and the interior was il- 
luminated with an electric light. A group of ten rats 
learned the maze thus covered; then the cover above was 
turned through ninety degrees, and the rats reintro- 
duced. No disturbance in the habit resulted. After this 
another group, of seven rats, learned the maze with the 
same canvas cover, except that one side of the cover re- 
mained open. Then the cover was ¢losed on this side, 
and opened on another. Five of the seven rats were 
disturbed by this new condition. In six trials the total 
number of errors per rat ranged from nine to fifteen. . 


* Jour. of Am. Beh., 7, 1917, pp. 265f. 
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This indicates that the adaptation, of five animals at 
least, was not to the interior of the maze only, but to 
the larger environment as well. 

It is the purpose of this paper but to point out that 
the cats concerned in the experiment did not respond 
merely to the button, but were affected by other condi- 
tions besides the interior of the box. The question as 
to what feature or features of the larger environment 
affected them is left open. It may be conjectured, never- 
theless, that in the case of the cat, as pretty certainly 
in the ease of Carr’s rats, the direction of the light was 
the main if not the sole factor. The door of the box, in 
our experiment, in its original position faced a window 
twelve feet away, there being no window on any of the 
other sides of the room. Another possible factor was the 
position of the experimenter, which remained the same, 
irrespective of the changes in the position of the box. 

The bearing of this experiment on the question of ani- 
mal intelligence (meaning by ‘‘intelligence’’ conscious 
analytical capacity with the purposeful adaptation of 
means to ends, or the purposeful adoption of such means 
accidentally discovered) is plain. Heymans* has recently 
rejected the problem-box experiment as furnishing any 
material bearing upon this question. He asserts that it 
is unreasonable to expect the cat to analyze a situation 
so terrifyingly new, into which it has been thrust 
forcibly ; and that man in a similar situation would have 
some past experience with locks and bolts to fall back 
upon, which the animal lacks. But after twenty or 
twenty-five trials there was no sign of fear on the part 
of these cats ; and their actions in going to the side where 
the door had been, and making the turning-motion there, 
seemed, to say the least, unintelligent. 


‘Zeit. f. Ang. Psych., 21, 1922, pp. 84ff. 
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Illinois State Academy of Science 


CONSTITUTION. 


Artictz I. NAME. 
This Society shall be known as THe ILtInois State ACADEMY OF 
CE. 


Articte II. Ossects. 


The objects of the Academy shall be the promotion of scientific 
research, the diffusion of scientific knowledge and scientific spirit, and 
the unification of the scientific interests of the State. 


ArtTicLte III. MEMBERS. 


The membership of the Academy shall consist of two classes as 
follows: National Members and Local Members. 

National Members shall be those who are members also of the 
American Association for the Advancement of Science. Each national 
member, except life members of the Academy, shall pay an admission 
fee of one dollar and an annual assessment of five dollars. 

Local Members shall be those who are members of the local Acad- 
emy only. Each local member, except life members of the Academy, 
shall pay an admission fee of one dollar and an annual assessment of 
one dollar. 

Both national members and local members may be either Life 
Members, Active Members, Non-resident Members. 

Life Members shall be national or local members who have paid 
fees to the Academy to the amount of twenty dollars. Life members, 
if national members, shall pay an annual assessment of four dollars. 

Active Members shall be national or local members who reside in 
the State of Illinois, and who have not paid as much as $20.00 in fees 
to the Academy. 

Non-resident Members shall be active members or life members 
who have removed from the. State of Illinois. Their duties and privi- 
leges shall be the same as active members except that they may not 
hold office. 

Charter Members are those who attended the organization meet- 
ing in 1908, signed the constitution, and paid dues for that year. 

For election to any class of membership, the candidate’s name 
must be proposed by two members, be approved by a majority of the 
committee on membership, and receive the assent of three-fourths of 
the members voting. 


Articte IV. OFFficers. 


The officers of the Academy shall consist of a President, a Vice- 
President, a Librarian, a Secretary, and a Treasurer. The Chief of 
the Division of State Museum of the Department of Registration and 
Education of the state government shall be the Librarian of the Acad- 
emy. All other officers shall be chosen by ballot on recommendation 
of a nominating committee, at an annual meeting, and shall hold office 
for one year or until their successors qualify. 


They shall perform the duties usually pertaining to their respec- 
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It shall be one of the duties of the President to prepare an address 
which shall be delivered before the Academy at the annual meeting at 
which his term of office expires. 

The Librarian shall have charge of all the books, collections, and 
material property belonging to the Academy. 


ARTICLE V. COUNCIL. 


The Council shall consist of the President, Vice-President, Secre- 
tary, Treasurer, Librarian, and the president of the preceding year. 
To the Council shall be entrusted the management of the affairs of 
the Academy during the intervals between regular meetings. 


ARTICLE VI. STANDING COMMITTEES. 


The Standing Committees of the Academy shall be a Committee on 
Publication and a Committee on Membership and such other commit- 
tees as the Academy shall from time to time deem desirable. 

The Committee on Publication shall consist of the President, the 
Secretary and a third member chosen annually by the Academy. 

The Committee on Membership shall consist of five members 
chosen annually by the Academy. 


ArtTicLe VII. 


The regular meetings of the Academy shall be held at such time 
and place as the Council may designate. Special meetings may be 
called by the Council, and shall be called upon written request of 
twenty members. 


ARTICLE VIII. PwuBLicaTIons. 


The regular publications of the Academy shall include the trans- 
actions of the Academy and such papers as are deemed suitable by the 
Committee on Publication. 

All members shall receive gratis the current issues of the Academy. 


ARTICLE IX. AFFILIATION. 


The Academy may enter into such relations of affiliation with 
other organizations of appropriate character as may be recommended 
by the Council and may be ordered by a three-fourths vote of the mem- 
bers present at any regular meeting. 


ARTICLE X. AMENDMENTS. 


This constitution may be amended by a three-fourths vote of the 
membership present at an annual meeting, provided that notice of the 
desired change ‘has been sent by the Secretary to all members at least 
twenty days before such meeting. 


BY-LAWS. 


I. The following shall be the regular order of business: 
Call to order. 

Reports of officers. 

Reports of standing committees. 
Election of members. 

Reports of special committees. 
Appointment of special committees. 
Unfinished business. 

New business. 

Election of officers. 

. Program. 

Adjournment. 
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II. No meetings of the Academy shall be held without thirty days 
previous notice being sent by the Secretary to all members. 

III. Fifteen members shall constitute a quorum of the Academy. 
A majority of the Council shall constitute a quorum of the Council. 

IV. No bill against the Academy shall be paid without an order 
signed by the President and Secretary. 

V. Members who shall allow their dues to remain unpaid for 
three years, having been annually notified of their arrearage by the 
Treasurer, shall have their names stricken from the roll. 

VI. The Librarian shall have charge of the distribution, sale, 
and exchange of the published transactions of the Academy, under 
such restrictions as may be imposed by the Council. 


VII. The presiding officer shall at each annual meeting appoint 
a committee of three who shall examine and report in writing upon 
the account of the Treasurer. 


VIII. No paper shall be entitled to a place on the program un- 
less the manuscript or an abstract of the same shall have been previ- 
ously delivered to the Secretary. No paper shall be presented at any 
meeting, by any person other than the author, except on vote of the 
members present at such meeting. 


1X. The Secretary and the Treasurer shall have their expenses 
paid from the Treasury of the Academy while attending: council meet- 
ings and annual meetings. Other members of the council may have 
their expenses paid while attending meetings of the council, other than 
those in connection with annual meetings. 


X. These by-laws may be suspended by a three-fourths vote of the 
members present at any regular meeting. 
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